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. 5 ;be n in this e may ious . 

| oj ral Variations from f . the... | nu, it 1s neceſſary I ©. 

inform him that this. Ahecatins, are made with the 
Author's Approbation. 77 an. very ſenſible that, upon the 
whole, 1 Pall be challenged For | Mowing the Original too mi- 
nutely : but I was willing rather to err on this hand, than 
to leave out any thing, that might haus a Meaning and Pro- 
priety that I was not aware of. It muſt be confeſſed 3 
that our Author is evidently, in many places, pretty prolix; 
nor in reality, confidering theſe Ye as Publick Lectures, could this 
\ Poſſibly be avoided: For as we had nothing to depend upon 


but our Memories, and the ſbort Hints we could take in 


Writing from the Profeſſor's Mouth, it was neteſſary for him 


590 dwell longer uponThings, and ſet them in various Lights, 


in order to make them appear with more Evidence, and fix them 
pon the Mind with greater Certainty. It were to be wiſhed, 


indeed, that when be came to printing them, he had had Time 


Sufficient for retrenching theſe Superfluities ; but I have a 
great deal of Reaſon to think this was not the caſe ; and yet 
be was under a kind of Weceſſity of ** them out as ſoon 

A 2 as 


* 


"To 5 READER. 


os poſſible, to juſtify himſelf from the monſtrous Atfurdities 
publiſhed in a Courſe of Chemiſtry with his Name to it, which 
ſeme of his Pupils ungenerouſly printed without his Knowledge, 
as you will find taken notice of in the Preface. Had this 
Work, at firſt, been deſigned purely for the Preſs, or had 
the Author had Leiſure to have put a finiſhing Hand to it 
in the Form it flands at preſent, it would, without diſpute, 
have appeared much more to Advantage, both in point of Ele- 
gance, and Correfineſs. As the Subſtance of the Per formance, 
however, is ſtill the ſame, and it contains abundance of 
curious and valuable Obſervations and Experiments, both in 
Chemiſtry, and Natural Philoſophy, the Reader no doubt will 
readily overlook any Inaccuracies be may meet with, and 


think himſelf obliged to the worthy Author, who has % can- 
by ee the R efult f many Years e 
le N 


cat ion. 


. Dallowe. 
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FAMES BOERHAAVE. 


81 could not avoid publiſhing the Work which 1 


now addreſs to you, 1 have been obliged in my 


confeſs, being ſometimes ſurpriz'd, when I confider'd both 
the number of them, and the remarkable Dangers that fre 
quently attended them. The grateful Reflection, however 

of your having been my conſtant faithful Companion and 
Partner in both, gave me at the fame time a very ſenſible 
Satisfaction. You know very well, nor is the Remembrance, 


I flatter myſelf, diſagreeable, how many whole Days and 


Nights we have ſpent ſucceſſively together in the chemical 


Examination of Natural Bodies. At that time, indeed, your 
Thoughts were turned chiefly to Phyſick, mine to Divinity: 


But Providence ordered otherwiſe ; ſo that altering our 


Deſigns, | you devoted yourſelf intirely to Sacred Things, 
making it your whole Concern to promote the true Wor- 
ſhip of God, by the Plainneſs of your Preaching, and the 
Integrity of your Life; whilſt I, conſcious of my weaker 
| Abilities, and not daring to attempt any thing higher, was 
content to apply ad: to the Study of the Healing who 

Who, 


old Age to review the Labours of my Youth. 
Id whilſt I have been thus engag d, I could not help, 1 
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Who, therefore, has an equal Right to this Work with 145 
ſelf, to whom it in ſome meaſure owes its being what it is ? 

Accept it, therefore, I entreat you, with the ſame kind Re- 
ſentments, with which J offer it; and let it ſtand as a pub- 
lick Token of a grateful Acknowledgment, and a laſting 
Memorial of Fraternal Affection. I have always eſteem'd 


it my particular good Fortune to be favoured with ſuch a 


Brother, whoſe happy Genius, and vertuous manner of 


Life, render him not unworthy of that great Office he is 
entruſted with, the noble End of which is purely to re- 
commend the Terms of Reconciliation, offered by 
God to Mankind, by Precept and Example, without 
a vain Aﬀectation of any thing more. If in my Province, 


I have been fo happy likewiſe to behave in ſuch a manner, 


as-to meet with your Approbation, I ſhall have wherein to 
rejoice. Adieu; and whilſt you are now and then amuſing 
yourſelf with Things of this Nature, don't forget thoſe 
ee we were formerly ſo agreeably engaged in, 


Leyden, 30 July 1 178% 
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k that I ſhould ever trouble the World with any thing in Chemiſtry. 
wi There are ſo many Books already upon this Subject, and many of 


them wrote ſo well, that it is hardly poſſible for me, either to 


repreſent things in a better Light, or to offer any thing that. has not been 


aid before. My Acagemical Office however made it neceſſary, that I ſhould | 


annually give a Courſe of Lectures in this Art; but this was with no 
other View, than juſt to lay down the Rudiments of it, and give ſome Ex- 
amples of the Operations, for the ſake of thoſe Gentlemen, who were pleaſed 
to put themſelves under my Tuition. And fo far it is poſſible, the Method I 
have made uſe of in digeſting the Subject, and the great Simplicity J have 
conſtantly and carefully ſtudied, may not have been without their uſe. And 
in theſe two Particulars, indeed, there ſeemed ſtill ſome room left for far- 


ber Application; that at laſt.C bemiſtry too might deſerve to be introduced 


among the Academical Sciences. This, therefore, I endeavoured to the beſt 
of my Abilities; and having done this, I thought I had diſcharged my Duty, 
and that nothing farther could reaſonably be expected from me. Jt has 
happened, however, very different from what I was aware of : Fur the 


Ingratitude of ſome of my Pupils, the promoting whoſe Intereſt was always 


my Study; and the inſatiable Avarice of ſome Bookſellers, who will not 
flick at the baſeſt Actions, if they can make any Advantage of them, ſuffi 


"Ciently ſcwered my Chemiſtry- Profeſſorſhip. Fur theſe Perſons, under a falſe 


pretence of doing Service to Learning, publiſhed, without my Knowledge, a 


Courſe of Chemical Inſtitutions and Experiments, and prefixed my Name 
N 1 * * 


N OT HIN G was formerly farther Au my Thoughts, than 


8 * We ; 5 ; 5 4 * £ . i 
SFF 2 | . . = 
2 FFV N / % ²˙ · ˙ UU bo, - bitte. T 3 © 21 40499 e . e FEET 4 i . * ; ov 

: I | a P A oct ror E gs anno LL Ro —— n : 3 0 | , - 

1 * 2 ns e r 8 6x „ Rt, $ 4 — , 3 2 No = i g IT + "IM * ; a ? 2 ; 25 

. . 8 N £ . * 1 F 4 44 1 8 3 x , 2 + C2 8 
eee SF" ep - 5 "= 1 - 2. 8 n 2 1 | firs $i 2 4 ww Fas "ONS Sons J Sy 88 a - : 1 Z +. 
: . "FM 1 . W ea de one as = ae hg S 1 ˙ "OOH One nn ELOISE 3 n on 
- _ 5 ee VP 2 ns 1 4245" 3 2 1 pe 8 1 8 2 9 n 


The AuTrH oA PREFACE . © 
to it; and thus did an Injury both to the Publick and me, in @ manner 
certainly very diſhonourable, and that ought to be taken notice of by the 
Laws. The falſe Notions, Abſurdities, and Barbariſms, that are imputed 
to me in every Page of that Work, are fo abominable, that they will not 
bear mentioning. It happened, bowever, to the Misfortune of the preſent Age, 
of which by this means they have left an injtance to the ſucceeding, ' that 

this ſorry Book- met with too many Buyers, very much to the Loſs and Dis- 
grace both of them, and the Perſons who recommended it. By this means 
J had the daily Mortification of feerng my Pupils before me with this Book 
® in their Hands, whilft I was giving my Lectures; and could plainly per- 
; coeive, that every Word I ſaid muſt be examined by the Text of that miſerable 
j | Performance. Quite tired with this, I applied , for Relief to ſome 
= Perſons in Authority, who had Power to reſtrain and puniſh ſuch Enormi- 
ties as theſe; and I had almoſt gained my point, had not ſome others de- - 
; | | fignedly delay d, put off, nay and oppoſed it too, though I bad deſerved 
much better things at their Hands, and had recei ved from them ſo many 
fair Promiſes in my favour, as, I think, would have deceived the moſt 
cautious Man living. Thus then I was ſatisfied by an uncomfortable Ex- 
periment, that there are ſome Perſons in the World, who. take Pleaſure in 
 triumphing over Learning, by every method that lies in their Power. Theſe, 
and other Confiderations, determin'd me to give Lectures in Chemiſtry no 
longer; and therefore J immediately reſigned my Profeſſor ſhip. But this 
was no ſooner over, than I was again engaged in new Difficulties ; for my 
Friends were all of opinion, that in my own ed ought. to publiſh . 
Chemical Inſtitutions and Experiments myſelf, that by this Means the We wll 
. might have an Opportunity of judging in what manner I did in reality teach 
—- Chemiſtry, both in the publick and private Schools. It was to no Purpoſe 
for me to object, that theſe Inſtitutions were defigned only for my private 
- Uſe, and calculated purely for Beginners, to lay before them the firſt Elements. 
3 of the Hiſtory and Method of Chemiftry, and of conſequence would be of 
no manner of Service to the Publick. Nay I inſſied farther, that as theſs 
only laid down the Rudiments of the Chemical Art, and had nothing elſ6 
to recommend them, they muſt neceſſarily be 2 to any Reader that 
was ever ſo little verſed in it. They an the other hand urged, that the 
ſpurious Work met with general Approbation, was mightily wanted, grew | 
dearer, and would be very ſoon reprinted, if I did nat "take care to pre- 
vent it. This I confeſs gave me ſome Uneafineſs, and brought to my Mind 
the great Petrarch, who lamented the Misfortune of his Cotemporaries, 
"WS when he ſaw them ſet ſuch a value upon bis Worbs, as to think him 
72 worthy to be rank'd amongſt the famous Poets. How much more then, thought 
J, ought I to be aſhamed, ſhould I, who am conſcious of my own poor 
Abilities, and am an Admirer of ather Authors, dare ta intrude myſelf 
| 555 ä among 


W 


* * 
* 


umong the Chemical Writers. Not able, however, to fland out any longer, 
T at laft undertook the diſagrecable Tast; and I publickly declare, that 
the Book with which I now trouble the World, was forced from me much 
againſt my Inclination. As for the Work, I have wrote it in as conciſe 
a manner as the Subject would admit of ; and have avoided as much 
as poſſible pure Terms of Art. That this might be done, T ſaw evidently 
in the Example of the incomparable George Agricola, in that immortal 
Work, De Foſſilibus, Re Metallica, & Subterraneis. I heartily wiſh, 
indeed, I had had ſo much Time at command whilſt I was compoſing this 


Treatiſe, as was neceſſary for the. ſufficient. Imitation of ſo great an Author. 


For want of this, being hurried with a Variety of Buſineſs whilſt 
this large Work was in Hand, I am ſenſible, many Expreſſions bave 
eſcaped me, that are not ſo elegant. I am aware too, that | ſome Perſons 
will think I very often infiſt too particularly upon things that ſeem but of 


little Conſequence: But this I have done with Deſign, on purpoſe to cau- 


tion ſufficiently againſt thoſe Inconveniencies, that in theſe kind of Inquiries 


continually ſurround us. I have conſtantly had Beginners in my view; 


and therefore thought myſelf obliged to point out every thing doubiful, or 
dangerous. For the ſame reaſen you'll find J every where proceed chiefly 
upon particular Experiments, not laying down any general Rules, without 
a great deal of Caution. By this Example, young People may learn the 
Method- that Beginners ſhould purſue in their” ee Inquiries ; a 
laborious one, I confeſs, but certainly a juſt one, and that will lead us moſt 
fecurely to true Knowledge, In the firſt part of this Work J bad thoſe 
Lectures to inſert, which I had given at particular times upon Chemical 
Subjects in the public Schools: And as I thought it neceſſary to relate 
them again, and confirm them by new Obſervations, it has happened, that 
I have ſometimes repeated things J had ſaid before; which it was not 


 foffible to avoid. And thus the Size of the Book inſenſibly grew upon my 
Hands, though at the ſame Time I was too mich engaged in Bufineſs of 


another Nature. How happy, under theſe Diffculties, did I count theſe 
Authors, who kave Time enough to ſtudy, digeſt, and put a finiſhing Hand 


o the Works they are employed in. For my part; amidſt a thouſand Ab- 
/ to diſpatch theſe things in a rude manner, and 


cations, I have been oblige 
very different from what I ſhould have dene, had I been Maſter of that 
Le:jure and Retirement which I have long wiſhed for : Eſpecially, as I 


have a great Deſire to confirm and improve ſeme. particular Parts by new 


Experiments. Thoſe which are now contained in this Work, are what J 
made in public many Years ago: And this I think froper to mention, leſt 
any bedy ſhould ſuſpect J borrowed them -lſeu here, without making men- 
tien of the Autlers Name. But ſo detain my Reader no longer, pleaſe to 
acceft this Performance, ſuch as it is, in a farcurable manner; excuſe the 
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The Au rue n PREFACE 
Trouble I this meens give . book 
r tt Print upon this Suthieci, to the very ion the fþ 
naus Copy; which was wor ſo, - met with e 2 Peel pen did 
Qecaſen, te, give we leave to inform you, that I never 2 any- 
thing bopdes what feln; which T 7 am aſhamed to mention: 


Oratio. de commendando. Studio Hyppoeratico. Waker — ot 


Leyden 1702 ; for Abrah. Elſevier. - + 
— de Uſu Ratiocinii | Mechanics ; in wiede 1703, for n 
| Verbeſſel. Bs, 1703 2 Job 


— qui repurgate. Medicine facilis fi serien, 2709, . 
, John Vander Linden. 


— de comparando. certo in Phyſics, » 1725, fir Peter Vander a. ö 


56 — de Chemia faos errores expurgante, x718, go Privo Vander 


3 5 & . Obie chu Wed Athini 1721, 1 Peter 
Vander Aa. 


— de Homers Medic Suren. 273 5 YO Ifrac Severinus. 
1 Oration, which T delivered when the Curators 5 the Uni verſity 


bonourably gave me leave to reſign my Prof Mbh of Bg and Chemi Nn, 
1729, for Iſaac Severinus. 


Inſtitutiones Medicæ in Uſps annuæ exercitationis - mee, = 
for Jahn Vander Linden, Father and Son. 


2 hich was afterwards reprinted ſever eral times, with Additions in 
800, 


Aphoriſmi de 8 & es Morbis in uſum Dosen 
Domeſticæ, 3709, for John Vander Linden. 


Of which there were afterwards ſroeral Editions, wh Additions, in 80. 


| Index Plantarum, quæ in Horto Academico Lugduno-Batavo reperiuntur, 
1710, * Cornelius Bouteſtein, in 8. n 8 


Materia 
* 
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in Sve. 
ered rie. in be. ,. 3 


Materia Medica, '& Remediorum forme, 1719, for Lee Seri, 


Index alter Plantarum, quæ in Horto Academico Logduno-Batave 


aluncur, 1720, for Peter Vander Aa, in 40. IB 


Atrocis nec deſcripti prius marbi Hiſtoria, ſecundum Medicz artis 
* conferipta, 1724, for Bouteſtein, in Bro, e 


Atrocis rarifſimique morbi Hiſtoria | al tera for Samuel — 
ond Theodore Haak in 8v0. 8 


A medicinal J. reatiſe de Lue Wheel vrefixed to the Colleftion 5 4 


thors upon the Venereal Diſeafe, 1728, for John Arn. AO. and John. 


and Herm. Verbeek, in Folio... 


- Epiſtola pro ſententid Malpighizn de Glandulis ad Qi r Ryilium, 
40 for Peter Vander Aa. 


Every hive 4% printed in wy Name, arg a few Preface 7s 2 5 


rious, and Lark 1 e. 5 Knowledge: 


Y 


A VIEW 


» - * 
2 55 3 3 


ag” 


7 Rn. 2 2 = 3 
o 


22% 


* 
tr at per 


* 


r N Ar * 1 
— 7 „F A ue a ct oO EOS r 
Cs, 7 RP Pl agent ras pur —y 
A 


,— 
* — 
— 


1 — „ 
_— oo 
r 
8 4 % 
4 
- ) 


n 


r — NR 1 
K — — * * 


rr 8 * 9 : — 
Me og Fans, armdnerens,c pm FO 


2 * 5 
*. — 2 
— — 


= 
—_ — — A op 


_— — 9 


* 


wn mn." Rs 
— 4 als 2 
* — 


r 
om * Eo 
3 a a 2 * 


= — 
rg 

fp CER 

— — — 


FAA Bide el 


= 


= = - 10 

— -— +88 n . — hot 

_ — . — — — 
— — 22 __ —— — 


— 


4 7 45 „ 


Of the Heat ariſing 


o FUR 1 
% tat. Re —„V-— a — Nn 
3 


7 


4 ; 
8 Ny V = „ gh 
* . . * 


THE. Debgn, e Daſs 
„ = PART'L 


The Hiſtory of the Art / 


Hoy of # ih II. 1 
The Theory of the 1 
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©, Of Stones e 2 
Of Semi-Metalss — 
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Its Uſe in Medicine e 
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Of Fire | T 78 
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ä „„ in Animals 208 
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AGE 2. Line 7. read Hiſtorians. P. 3. I. 13. r. 

call Proceſſes indeed, P. 4. J. 9 · from the bottom, r. the 
Story. P. &o l. penult. r. Art ſeems by © Rp ff 19. 

J. 21. r. Name. P. 22. l. 16. from the bottom, r. yellow 
ones. P. 24. J. 25. r. and then rubbing. Ibid. J. 4. from 
t be bottom, 7. where it adheres. P. 25. J. Jo Fo 8 1. Too 
diſtinguiſhes. P. 30. J. 7. r. by Fire, P. 31. l. 18. Naphtha. 
P. 44. J. 10. from the bottom, r. in direction. P. 46. J. 29. 
r. exceeding fine Elements. F. 48. J. 6. from the bottom, r. 
but little, P. 49- FA 1. Fo this n ble vertae. P. 54 J. 8. 
from the bottom, r. in the middle. P. 58. L. antepenult. 


r. and when it does. P. 61. J. 8. from the bottom, r. need 
net. ſay. much, Ibid, 7. 7. from the bettom, r. Jobn Rude!- 


pbus Glauber, P. 62, 1.23. 1. Ore. Ibid. J. 7. from the 
bettom, r. from the Cupel P. 68. J. 17. from the bottom, r. 
thoſe of us. P. 78. l. 28. r. Laburatcry, and fo alæuay: 
tobere that word occurs. P. 82. J. 25, 7. warmer in the 
former, and colder in the latter. P. 88. J. 9. r. and then, 
poſſ.bly, it is not. P. 89. J. g. frim the bottom, r. and of 
ccurſe will take. Ibid. J. 8. from the battom, r. the beſt Clocks. 


P. 91 12. r. there ariſes, P. 99. J. 6. r. means, then, upon. 


P. 110. J. 3. 7. thus denfe, P. 111, l. 6. r. then the Mer- 
cur y. P. 128. J. 13. Fo le ping. Ibids J 14. 7. hori- 
rontally. P. 132. l. 10. from the bottem, r. relief to the 
head. P. 133. J. 14. 7. always decreaſes. P. 1 4 J. ;. 
rm the bottom, r. good deal of expence. P. 144. Margin, 
r. determining. P. 158. /.21- r. grow equally hot. P. 178. 
J. 7. r. any thing that is. P. 187. J. 18. 7. is jotire. P. 


200. J. 18. mere Flame. P. 206. J. 5. from the bottom, r. 


to be fo preſſed. P. 212. J. 19. . the three additional. 
P. 216. / 5. frum the bettom, r. and are at reſt, P. 217. 


„. 21. 7. with diſtilled V. negar. P. 220. J. 18. 7. Experi- 
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Acceſs of the Air 2 


Of Fire produced from cold Foſſils by the 
bdbelp of Water 225 


Of Fire generated by the Mixture af cold 


Liquors 226 
Of Air 4 | _. 
Of Water | „ 
Of Earth 4 364 
Of Chemical Menſtruumm 386 


Of Water and Aqueous Men/irunms 4.15 


Of Oils and Oily Men/truums __ 
Of Spirituous Men/truums or Alcohol 43 6 


Of Spirituous, Alcaline, and Acid Menſtru- 


K a | 438 
Of Simple Saline Menſtruum 438 
Of a fixed Alcali, as a Menſtruum 440 
Of Acid Menſtruums 4.62 
Of Neutral Salts as Men/tiruums 472 
Of the Univerſal Menftruum, or Alcaheſt 489 
Of Chemical Veſſels, and the Furniture of a a 


Laboratory + 500 
Of Lutes. 1 1 
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ment I. after various manners. P. 224. J. ult. r. their parts. 
P. 22 5. I. 30. r. thus produce. P. 243. J. 26. v. are dried 
and changed into a very black Coal, and if they are calcined are 
all. P. 248, & 18. yo excecding ſimple. Ibid. J. 20. Io 
this ſpecies. P. 251. Margin, r. Mutual Attraction. P. 
254. J. 12. r. by the Air. Ibid. J 4. from the bottom, re 
within he wah P. 259. J. 8. r. all other Fluids. P. 260. 
I. ultim. r. incompreſſible particles. P. 267. J. 14. Fon the 
Bottom, r. hermetically ſeal'd. P. 265. J. 8. from the bottom, 


r. application of Heat. P. 273. J. 92 r. but in the Summer. 
y 


P. 293. J. 22. r. into ſpaces reciprocally proportional. P. 295. 
J. 3. from the bottom, r. riſe in the Tubes. Antepenult, r. 
Theſe things. P. 298. J. 21. r. Torricellian Vacuum. 


P. 303. J. 19. r. It is boil'd. P. 334. J. 21. r. in Water. 


P. 342. J. 26. r. into Chalk. P. 362. 1.8. 7. Hygroſcopes. 
P. 364. J. 12. from the bottom, r. to the Foſſil one. P. 352. 
J. 10. from the bottom, r. their vaſt ſubtlety. P. 379. J. 7. 


.; tho' this I confefs. P. 385, J. 8. from the bottom, r. 


ſeal'd Earths. P. 386. J. 12. r. I cou'd not well omit. P. 
388. J. 7. frem the bottom, 7. But by this ad mixture. P. 391. 
J. 8. from the bottom, r. among them an intire. P. 40. J. 6. 
r. the Fire. P. 420. J. 21. r. fix d and volatile Alcal's. P. 
424. J. 8. from the bottom, r. Aliments of Animals. P. 
434 7.9. 7. But theſe Oi's. P. 436. J. penult. theſe things. 
P. 441. 1. I. r. acid, and thus. P. 44+ 1. ult, Fo alealine 

Salt. P. 454. J. 12. from the bottom, r. into theſe. P. 456. 
J. 1. r. compound Salts. Ibid. J. 6. from the bottom, r. 
Mindereri. P. 460. J. 14. r. almoſt like Wax. p. 457. 
J. 32. r. affuſin. P. 468 J. 4. r. attufion. P. 471. Note, 
7. 9 grains, and add. P. 48 1. J. 5, from the bittom, r. hence 
new apprarances. P. 484. J. 16. from the buttom, r. Alcohol 


upon this. P. 494 J. 1. r. two hours, converts. 
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8 ou have oſt your ſelves 8 my care, to inltruct u in the nn The pan. we | 
* Hodge of Chemiſtry, I ſhall think it my duty to == as much EE 
as poſſible to anſwer your expectations. 8 
And in this, as far as I can judge, I ſhall moſt effectually ſucceed, 
if I clearly and methodically explain to you every thing you will have occaſion 
for, either to underſtand the moſt valuable Authors, in this Art, from whom 
you may gain a knowledge of it purely as it ſtands founded upon Experiments; 
or, to enable you to perform the principal operations in Chemiſtry 3 that by this 
means you may be ready in the exerciſe of the * as well as thoroughly a 
underſtand it. 1 
This, however, is not fo. eaſy to accompliſh, in an Art cultivated by men BR Le: 3 
taught rather by accidental diſcoveries, than acting according to rules of Art, the Defign- 13 
and who for the moſt part wanted intirely the knowledge and aſſiſtance of 3 
the more liberal Sciences. | 
For hence it came to paſs, that they have given us only a conliſhs collection 
of the things they obſerved, juſt in the order they happened, without any re. 
card to a methodical dif] poſition of them. 
And this difficulty was ſtill farther increaſed, by an almoſt conſtant neglect 
of thoſe things which came very frequently under their obſervation : for theſe 
they did not think worth taking notice of; and yet without them, to a reader 
not verſed in the Art, the cauſes of many things muſt be unintelligible. 
But then this Science became moſt perplexed, when theſe Artiſts began to 
introduce their diſputations into it; came to coining their general principles; 
and went about to explain the caufes of the different appearances they met with. 
Theſe difficulties however may in ſome meaſure be removed, by collecting 
together the genuine Experiments, which have been. performed in this Art; 
from thence deducing ſome general rules; and then diſpoſing thoſe rules the 
moſt to advantage. 
Eſpecially, if the perſon who ſets out; it, has: the happiceſs of tare. bis Mikes poo 
War 7 formed to the work, by a long and careful exerciſe in the practical 822 
of the Art; which I hope without vanity I may lay a ſmall claim. to. 8 
With ſome hopes therefore of ſucceſs 1 undertake — theſe laſticutions ; 3 Diſtribution” 2 
which E ſhall divide into three parts. Be Ons” 
The firſt of which will contain the riſe, progreſs, culture, and fate of Che- 3 
miſtry ; will give an account of the principal Authors in this, Art, according to 
—— times in which — lived, briefly hinting at the. — in Which 10 agreed, 
B 


* 


and 


RN 


2 | The DESIGN. 
| and wherein they differed ; and hence will make mention of the different ſects, 
and what they have contributed towards the advantage or prejudice of the Art: 
And here (which caution may be of ſervice for guiding your conduct in this 
= Science) giving to every one the glory due to their merit, I ſhall candidly com- 
| | mend thoſe who on account of their ſervices to the Art diſtinguiſh themſelves 
above the reſt ; and through the whole ſhall carefully proceed according to 
thoſe rules, and with that integrity, which Hiſtories ought religiouſly to obſerve, 
Second part The ſecond part will lay down certain, indiſputable, chemical Poſitions, 
collected from ſuch evident phyſical truths, as have been diſcovered by the Che- 
miſts; and theſe will be chiefly of a genera] nature, and ſo contrived, that by 
the help of them may be performed all the operations, that truly belong to 
* | the chemical Art, po ne | 
= ' "Theory of Nor indeed in this Art do we allow of any other Theory, than what is built 
CE Chemiſtry, upon ſuch general Propoſitions, as have firſt been deduced from many com- 
| mon undoubted Chemical Experiments, from which, as they always ſucceed. 
in the ſame manner, ſome general truth may be fairly inferred, 
Limits of We muſt take care, however, not to carry even this rule any farther, than 


this Chemi- ſimply to apply it to ſuch particular bodies, as we evidently diſcover to be 


Sad WELDER > > fats nas c " * 
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n perfectly of the ſame nature. . 5 Teo : 
The teen For it is certain, that the powers of ſome. particular bodies, frequently pro- [ 
of this cau- duce ſuch effects, as could not poſſibly. have been foreſeen from any general J 
Ceecug. Theorem, in as much as they depend purely upon the peculiar nature of thoſe. 
0 | bodies, which perhaps may be different from all others. C ö 
Phykico- We ſhall farther, in forming this Theory, take the liberty to make uſe of f 
Mathema= ſuch truths, as are demonſtrated in Phyſics, Mechanics, Hydroſtatics, and ö 
Phyſics Hydraulics; ſince the properties, which belong to all bodies in common, muſt E 
mace uſe hold good in chemical ones too: but then, we muſt in this affair proceed : 

fir, with a great deal of caution ; as we find, that by the application of ſome par- 


ticular bodies to one another, from the. ſingular nature of thoſe bodies effects 

are often produced, that are quite contrary to the demonſtrations which 

are true of bodies in general. An inſtance will make this plain: Galiizo has 
ingeniouſly demonſtrated the law by which a body will deſcend. from a fixt. 
point above to a point on the earth perpendicularly under it, ſuppoſing. it to 
move in a ſpiral, or elliptical line, and with a certain degree of acceleration. 

Let us now only imagine the falling body to be a loadſtone, and another to be 
ſo diſpoſed, that the former in its deſcent ſhall come within the ſphere of its ac- 
tivity 3 and then his Demonſtration will appear to be falſe. In like manner, 
the things which Archimedes has proved in his Hydroſtatics, though they are 
ſtrictly true when applied to bodies in general, yet do not always hold fo, 
when applied to particular ones; as we ſee that gold, which ſinks in all other 
fluids, is diſſolved, and ſuſpended in fo light a one as Aqua regia. TE, 
Under theſe limitations then, the truths diſcovered by the Philoſophers, and 
others abovementioned, will always be of ſervice to this Art; nor can ever poſ- 
ſibly do it any prejudice, - 3 Ly 

In the third and laſt part of theſe Inſtitutions, I ſhall actually exhibit to your 
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8 view the methods made uſe of in Chemiſtry, in order to change natural bodies 
in ſuch a manner as this Art directs, and to the end which it likewiſe had before 
determined. | | . 

And 
* - 
| * 
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The DESIGN © 3 

And here I ſhall take care, that the moſt common things, if it is of any The orter 
conſequence to know them, hall not be omitted ; nothing ſhall be unneceſſarily be 
repeated; and that, ſhall be always treated of firſt, of which there will be Operations 
occaſion in the proceſs that follows. UPS hes | | .__, digeſted. 

In the proſecution of which, the Theorems explained in the ſecond part, The ue of 
will be made great uſe of ; by the help of which all the operations in Che- the chemi. 
miſtry will be eaſily underſtood, and both the head and the hand fitted for the 42 
exerciſe of the Art: At the ſame time alſo, every one of theſe Proceſſes will rations. 
be a Demonſtration of the truth of the particulars, from which the general 
Theorem was at firſt conſtructed. By this method, Gentlemen, I propoſe to 
lead you into the moſt perfect knowledge of Chemiſtry ; nor have I loaded 
with difficulties a Science, which in its own nature is ſufficiently troubleſome. 
Without this, all the labours of the Chemiſts, which they call Proceſſes, indeed 
are of no real ſervice, but waſte our time, and inſtead of being an advantage, 

are really a prejudice to thoſe that are fond of them. 4 
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Elemientt of CutuisTay, Part I, 


COURSE of CHEMISTRY. 


The name 
of the Arte. 


— 


. 
The Hiſtory of the A R T. 


HE word, which in the Greek Language ſignifies Chemiſtry, is Xyule, 
or Kypeig : and this is of ſo very ancient a date, that it is ſuppoſed to 
have been in uſe before the flood. . e 
- This certainly was the opinion of Zoſimus the Panopolitan, whoſe 
Greek manuſcripts, which George Agricola had ſeen in the year 1550, and Joſeph 


Scaliger, and Olaus Borrichius peruſed afterwards in the King of France's Library, 


have a remarkable paſſage in confirmation of it. 
For in the hook intitled u, Zuciun 15 mavoroniry ON on F gde OroriCany 
& 15 0 tis Ian Bicaw, he exprelly ſays, that the Art which was revealed to 
the daughters of men by Dzmons, as an acknowledgment of their favours, 
(ynulav xarfico) was called Chemiſtry : For this is the ſenſe of the text, as it 
was read by Foſeph Scaliger, and inſerted by him in his notes upon Euſebius, 
p- 243, 258. N. 38; And by Borrichius againſt Conringius, p. 49. The ſacred 
Writings tell us, that there is a ſort of Demons that are familiar with women. And 
Hermes mentions the ſame thing in bis Phyſics, and almoſt all our learning both open 
and occult, take notice of it likewiſe. This then the ancient and ſacred Scriptures in- 


form us, that the Angels were inamoured of women, and came and taught them all 


the Works of Nature. Now the firſt tradition they gave concerning theſe Arts was 
called XHMX"; and the book likewiſe that contained it, they called xHMA; and hence 
alſo the Art obtained the name X8MI a. Now this very ancient fiction aroſe from 
the miſunderſtanding thoſe words of Moſes, Gen. vi. 2. for from this paſſage 
they. concluded, that by the ſons of God were meant Dzmons, conſiſting of 


a ſpiritual part, and a corporeal one, that was viſible only, like the image or 


phantom reflected from a looking-glaſs ; that theſe beings were endued with a 
univerſal knowledge, were converſant with men, were very fond of women, 
were great with them, revealed ſecrets, „ to mankind. Compare 
with this, Luke xxiv. 37, 39. Matt. xiv. 26. Afid this fable probably gave 
riſe to this ſtory of CHN, (Es, that is in the Eolic Dialect, Aid UNA, or 
GS) on whom Phebys in return for her favours conferred the gift of Divina- 
tion, ſo that ſhe could diſcover the will and counſels of the Gods. Thus is the 
mind of man, whilſt in a ſtate of uncertainty, apt to run into very ſtrange 


conceits, which it afterwards idolizes and regards with veneration. 


But farther, the land of Egypt was likewile very anciently called by the ſame 


name as Plutarch obſerves, (/. & Ofir. p. 364. C.) Beſides, the ſoil of Egypt being 
of an exceeding black colour, like the black of the eye, they call it xXHMTA. And 


the ſame country went alſo by the name, #poxjuus, as Steph. Byzant. takes no- 
= 4 | tice 


* 


among the Arabians ſignifies zo bide. 


this name was made uſe of before the flood; that it continued in uſe in the 
ſucceeding ages; and that in thoſe days it ſignified, 


 & O/. p. 364.C.) expreſſes the black of the eye, or any thing exceeding black, 
there will be no great difference betwixt them, as uſed by the hieroglyphical 


and the Art which it expreſſes is called likewiſe, Chemi, Chemia, Alchemia, Al- 


knowledge of Nature. 


terwards perverted to a very different one; which misfortune likewiſe, by means 
of illiterate perſons, befel the word Magic. 


 Tubal-cain, the true Vulcan of the Ancients, ſon of Lamech and Zillab, 


labour to make it fit for uſe; no leſs than twelve fuſions being neceſſary to ' of the. — 
render it ſufficiently malleable; as both Agricola and Erker inform us. — 


pa ins, before it can be applied to the ſame purpoſes; as we learn from the ſame 


ing ancient, as well as that of the name itſelf. 


Hiſtories of the Vulcan of the Ancients, who was the ſame with Tubal-cain, — 
(Voll. Id. g. I. 65.) And indeed the very name of the Arts ſeems by it original 
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Hiftory of the A R T: 


tice under the word &ryvalos. But the word yyu4 too, as Boc bart informs us, 


If we now lay all theſe things careful] together, we may eaſily perceive that 


1. A knowledge of the works of nature, 9\Jzozanav ravrur F d Quotws p. 
2. A book containing the Tradition of ſuch a Science. 
3. That Hermes in his. book of Phyſics had made mention of it. 
The word now, if it is wrote xyp@, according to Bochart ſignifies to hide, 
as we took notice juſt now: And hence if y»wuiz, as Plutarch will have it, (de J. 


writers; for among them the pupil of the eye denotes ſomething hidden, and 
recious. B 


Eſpecially, if we conſider that the ſame Egypt, called in the ſacred Writings the 


land of Cham, (Pſalm cv.) ſtiled their God aus»; which according to Ma- 


netho the Sebennite ſignifies ſomewhat concealed. Plut. de If. & Of. p. 354. C. 1 
| Nay, and that the ſame country even to this day is called in Coptic the 1 =_ 
land of Cemi ; as we learn from the ſame Samuel Boc bart. 1 1 

This name therefore ſignifies ſomething hidden, occult, myſterious, ſecret; 


kumia, xnud, xnpia, Ind, rau, the Spagarite and Hyſſopic Art ſeparat- 
ing the pure from the impure. , 


And by it, the Authors who firſt made uſe of the word meant, a univerſal 


The word therefore was uſed originally in a very pure ſenſe, though it was af- 


But as Metals now comprehend a large and very beautiful part of natural The word 


bodies; hence the ſame word came likewiſe to ſignify Metallurgy. uſed to ex- 


And this Art alſo was cultivated to great perfection by the Antidiluvians: for fag. 


and the eighth perſon from Adam, underſtood how to prepare copper, and 
iron in ſuch a manner as to work it into utenſils, Gen. iv. 22, 


But foſſil copper as it is dug in the ore requires both exquiſite art and The difficul- 3 


And iron in like manner muſt be managed with a vaſt deal of {kill and 


faithful Authors, who were the top maſters in this Aft. 
Hence therefore we ſee that the original of Chemical. Metallurgy is exceed- 


The country which is firſt celebrated for the cultivation of this Art, is Chemical 


that which was inhabited by the firſt people, as the Hiſtory of Tubal-cain _— 


evinces (Gen. iv. 22): Eſpecially, if you compare this with the Fables and vatcd is 


to confirm the ſame thing, as you have ſecn already. 


From 


| 4. 

_— 
= 
= -: 


» 
i 
i 
$ 4 
1 1 
=, 
bn. er 
3k 
1 
1 
** 
5 
bo 
IK 
11 658) 
"3 
.. 
. * 
a 
1 
by 
1 
P.. N 
Wo. 
H 
1288 
1378 
125 
3338 
8 
* 
5 
1 
F : 
_. 
1 
9 
. 
8 
* 
1 
* 
Ft 
1 
5 >4 
* 
1 
18 : 
Ko 4 
13 
. 1 
1 7 
"8 
3334 
4 ; 
. 
1 
. * 
1 
4 
, 5 
1 
2238 
1 
. 
- * 
3 
FE BY 
1 
+. F? 
RY 
XY 
F 
1 
5 
=” 27 
" 
meg 
"28 
_Y 
+ bd 
. 
x * 
88 
1 
Y 
* 
= 
8 
3 
+. 
bs 
» 
. 
* 
47 
= 


gold. 


6 


Then in 
Egypt. 


Elements of CHEMIST RV, Part I. 


From hence as its ſource, this, like other Arts, began to ſpread, and was 
next carried into Egyyt; and there it was practiſed with a vaſt deal of appli- 
cation. For Moſes who was ſkilled in all the learning of the Egyptians (Alis 
vii. 21.) knew how by the help of fire to reduce gold to a powder, fo as to ren- 
der it miſcible with water, and by this means potable, (Exod. xxxii. 203) and 
this is what is certainly one of the top performances of the Art, and what even 
the greateſt Adepts of the preſent age are not maſters of. Vulcan, the ſon of 
Jupiter and Juno, was the firſt who reigned in Egypt, and was deified after his 
death for the invention of fire (Diod. Sic. 1.) or rather for the firſt application 
of fire to making utenſils of metals, as the ſame Author ſays expreſly (v.) They 
tell us, that Vulcan was the Inventor of all works in iron, braſs, gold, ſilver, and 
other bodies that require the management of fire. He found out likewiſe all the uſes 
of fire, which he diſcovered both to the workmen and every body elſe. 

But Egypt itſelf in the ſacred language of the Prieſts is called yyuis, (Plut. J. 
& Oli. 364. C.) and teuoyymos, Steph. Byz. in the word guyvaros. | 

Lhe ſame country likewiſe went by the name, 't1@au5/a, or the land of Vulcan, 
(id. ib.) The great Scaliger indeed aſſerts, that the Art yyuia, was by the E- 
gyptians called *1usY, And yet in the book entitled, Minerva mundi, taken 
out of Stobæus, it is ſaid, romrmuis T AY * IU ns, (Conring. b. m. c. III.) i. e. 
That AÆAſculapius the fon Imuth, was the inventor of Chemiſtry; for om is 
the ſame as Chemia, (Reineſ. var. lect. lib. II. c. v.) N | 
Vulcan it is certain had Prieſts at Memphis (Herod. II. 3.) A very beautiful 
temple was erected to him there (Herod. II. 99:;) with portico's (id. ih. 102.) 
and images (id. ib. 176. III. 37.) And his ſymbol there was a Vultur (of. id. 
g. III. 573.) viz. a bird of prey. But Zeno tells us that Jupiter too was called 
*HQausos, on account of the extenſion of his influence to artificial fire (Diog, 
Laert. VII. 147.) ; which name plainly appears to be derived from ro 109 a, 


to be ſet on fire, or to burn. Agreable to which opinion, Horace, who is 


remarkable for the elegance of his Epithets, expreſſes himſelf, 
dum gravis Cyclopum | 
Volcanus ardens urit officinas. Carm. I. 4. 7. 


as Plautus indeed had done before him (Ampbitr. 1. 1. 1885.) 


The origin 
of the word 
2s applied to 
the Art of 
mak ing 


uo ambulasmu, qui vulcanum in cornu concluſum geri? | 

All theſe obſervations then ſeem to make it plain, that the part of Chemiſtry 
called Metallurgy, or the Art of Metals, was by the ancients cultivated chiefly 
in Egypt. Nor do I think there can be the leaſt doubt about the antiquity of 
this very old Art, in this ſenſe; or about the name itſelf. _ | x 
A conſiderable time after, the ſame word firſt came to be uſed to expreſs 
that Art, by which the pureſt gold might be procured from any ſort of metal; 


either by a true tranſmutation, maturation, or ſome peculiar kind of ſepa- 


ration, that was not commonly known. | 


Afterwards, the Aralians, who principally cultivated this Art, altering the 
found a little, called it Alchemia in the fenſe juſt now mentioned; and with 


a little more variation, Alchimia, Alchemy. _ 


t ain. 


Very uncer- Suidas, who lived in the tenth. century, tells us (under the word y1uda) that 


Diocleſian, who reigned the twenty laſt years of the third century, gave orders 
that all the books of this Art ſhould be inquired after, and burnt, . becauſe 
the Egyptians were plotting againſt the Roman Government, Xyueia, (Chemiſtry) 

| | | 0 


| Hiftory of the ART. OT. 
or the Art of preparing gold or ſilver. The books concerning which, Diocleſian got 
; together and burnt, becauſe the Egyptians rebelled againſt him. He uſed them 
cruelly and without mercy; when he ſought after their books that were written by / 
their forefathers concerning the xupieia of gold and ſilver, and burnt them, leſt by 
the help of this Art they ſhould grow rich, and ſo be tempted again to oppoſe the Ro- 
man government. | . | . 1 
But under the word de he carries the affair ſtill a great deal higher, ex- 
preſly and poſitively aſſerting, that the Golden Fleece, which Jaſon and the Ar- 
gonauts brought away when they ſailed thro* the Pontic Sea to Colchis, was no- 
thing but a book wwriiten upon parchment teaching the method of making gold (did xu 
ueas) by the Chemical Art. This now, had he confirmed it by ſufficient au- 
thority, would have advanced the antiquity of this Science to thirteen centuries 
before Chriſt, that is, before the time of the Argonauts. And yet upon this 
ſuppoſition we ſee the Art even at that time was known, practiſed, committed 
to writing, and was the motive to the Argonauts to undertake that fatiguing 
and dangerous expedition. If this was the caſe however, 1t muſt be confeſſed 
it is pretty extraordinary, that neither Moſes, the Sacred Writers, Sanchoniatho, 
Orpheus, Homer, Heſiod, Pindar, Herodotus, Thucydides, Hippocrates, Ariſtotle, 
Theophraſtus, Dioſcorides, Galen, or Pliny ſhould mention one word of it : E- 
ſpecially, as every body who is acquainted with their works muſt allow, that 
both the capacities of the Authors, and the deſign, ſubject, and times of their 
writing, muſt neceſſarily have led them to have taken notice of it. | 
Nor is this difficulty at all removed by that paſſage in Pliny (xxxiv. 25.) con- 
cerning flexible Glaſs; or by that of Dion Caſſius (lvii. p. 617.) concerning 
| the ſame project's being rejected by Tiberius; nor yet by the other of Pliny 
_* (xxxiil. 4.) where he tells us, that Cajus, by a very intenſe fire, procured from 
i orpiment a ſmall quantity of very choice gold: For ſuppoſing theſe things 
to be true, they in reality prove nothing more, than that they were at that 
time excellently skill'd, both in the docimaſtic Art, and that of Glaſs. 55 = 
It muſt, however, be acknowledged, that Julius Maternus Firmicus, in the *Tisancient : _ 
beginning of the fourth Century, writes of the Science of Alchemy, as a thing 8 
perfectly well known (3 Maibe/. lv.) if this is the genuine text of the author. mongſt the 
And Æneas Gazeus, towards the cloſe of the fifth Century, diſcourſing up- Su, 
on the ſame ſubject, as a common thing, tells us, in his Theophraſtus, or 
treatiſe De Immortalitate Anime, that thoſe Perſons who were thoroughly verſed _ % 
in this Art, take ſilver and tin, and. perfectly deſtroying their original 
nature, tranſmute them into the moſt beautiful gold, Biblioth. Patr. vol. 2. 
a 198. _ | | 
F , Sj PR the Sinaite, about fifty years after, as Yoſſius thinks (Id. G. J. 1. 
Dag. 25.) or rather towards the latter part of the ſeventh Century, as upon 
< weighing the matter carefully, Fabricius is of opinion, (Bibliotb. gr. v. pag. 313.) 
writes ſtill more expreſly ; 's o xevoogoss nu, 55 Abe, % Mud rds, xpv- 
| COKOAANTWY AN wv dee ltd N EUN PRAcuivn, &, mad dou THITH Q1oiv. | 
And laſtly, in the ſeventh Century, Georgius Syncellus, wrote profeſſedly upon 
the ſame ſubject. „ 
Soon after him, there ſprung up a whole tribe of Alchemiſtical Writers, ,,..;;., 
whoſe manuſcripts at Rome, Venice, and Paris, by their Greek Idiom, make it Greets the 
plain what age they liv'd in; and by their ſtyle make it very probable, that Aicha, 


Alchemiſti- 
4 that cal Writerts 
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Were they they were of religious orders. A Catalogue of theſe Works, which are no 
= + N we xv in Bor richius, and others (de Hermetts, gyptiorum, 8 


Chemicorum Sapientia, pag. 78. & es. = SEES 
A catalogue Tupfen, whoſe treatiſe of the Piifofophers Stone, is in the Library of the 
. | of theſe. Univerſity of Leyden. . F 
„ Torte. Sind · eis GEH A⁰E'] Z. The whole treatiſe is in Fabric. Bibl. 
1 N Gr. L. v. cap. 22. p. 232. Gr. & Lat. 5 . 
' PIG A 0 ul cs, 0 ge, 0 Ivo rA ITA, of wmavaronus A city of Egypt. XXIV. 


0 | books 'lugS to Scocleea. The title is Tools 78 COLON noi yen» 
. . | m | 2 Tis iep &, 8 Jeux rłxvns 18 eden, % & EY VEAs FOI CEWS. and ZarypQr Qs 
9 : „ Gp aveey, N Roamivev. . | | | | | 
| 0 N 0 AN G. 
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19 vv wor. The Manuſcript of this alſo is in the Univerſity Library at 
Wo | dg. wpdorng. : 
Toe & veg. | h 2 
Eguns handed about in the ſixth Century, and commended by Zaſimus. 
| Aroxzp@y sieg A Erepnid Gn & Agde. 
Ogdns a Ayr, woos Ttraoior ate The regis j Fecs rx. 
Mwuoys weoQyTys e H ü¹,RN̈us. 
Maes EEE. * 
TlzA&yios QiAoooQos vi eig, I itegis r. | 
Hoge os. 195.1 | | | 
7 Exieb iss. Or Exribnxios. e ; : A 
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Concerning theſe Greek Alchemiſtical Writers, conſult in particular, Andre- 


as Libavius throughout all his Works; but eſpecially againſt Guibertus. 
Conring. de Med. Herm. pag. 21, to 31. Borrich. Ort. Ch. 97. and againſt 
Conring. from pag. 66, to 95. Joann. Albert. Fabric. Biblioth. gr. in various pla- 


ces. And the Catalogue of the Univerſity Library at Leyden. 

Is it not ſurpriſing now, that the incomparable George Agricola, ſhould 
have been acquainted with theſe Authors? For thoſe elaborate Books of his, 
De Re Metallica, which the great Eraſmus ſo higmly extoll'd, he wrote, and 
perfectly finiſh'd, before the year 1550; and yer, in a very elegant Preface 

refix*d to theſe Works, he recites in order, almoſt all the Writers we have 
Juſt now mention'd. For your intire ſatisfaction on this head, I'll beg your 
patience, whilſt I give you the paſſage in the very words of this noble Author. 
Of Chemiſtry (Xvpevrms) wrote Oſthanes, Hermes, Chanes, Zoſimus of Alexandria 
to bis Siſter Theoſebia, Olympiodorus of Alexandria likewiſe, Agathodemon, Demo- 
critus, not of Abdera, but another, Oris Chryſorichites, Pebechius, Comerius, Jo- 
annes, Appuleius, Petaſius, Pelagius, Africanus, Theophilus, Syneſius, Stephanus 
zo Heraclius Ceſar, Heliodorus to Theodoſius, Geber, Calides, Rachaidibus, Vera- 


dianus, Rhodianus, Canides, . Merlinus, Raymond Lully, Arnaud de Ville Nieuve, 


Auguſtinus Pantheus a Venetian; three of the female ſex, Cleopatra, the Taphnu- 
tian maid, Maria the Feweſs ; theſe all wrote in proſe ; one only, Joannes Aurelius 
Augurellus of Merrechia, in verſe. | | : 

All theſe Authors, however, made uſe of the Word Chemiſtry hitherto, to 
expreſs the Art of converting the baſer Metals into pure Gold; and don't 
ſeem ſo much as ever to have thought of any univerſal Medicine for all 
the diſeaſes of the human body. See Conring. de Med. Herm. 15, 16. 

But after the Arabians began to cultivate Chemiſtry in the ſenſe hitherto deſ- 
cribed, viz. as it relates to Metallurgy, and the Art of making Gold, they 
ſeem by their metaphorical and hieroglyphical ſtyle, to have given occaſion 
to the Materials made uſe of to perfect their Metals, going by the name of 
Medicines; the impure Metals being called ſick Men; and Gold, a Man in 
perfect health and ſtrength. Hence, in time it came to* paſs, that perſons, 
who were unacquainted with this way of writing, imagin'd theſe expreſſions 


were to be underſtood in the literal ſenſe ; eſpecially, when they ſaw the im- 55 


purity of the baſer Metal called a Leproſy, which of all diſtempers is parti- 
cularly incurable. | | N 

And this is ſuppoſed to have given riſe to that report, which afterwards 
ſpread ſo far, and grew ſo common, that the impure Metals might be tranſ- 


muted into pure Gold, by the very ſame chemical inſtrument, by which the 
bodies of ſick perſons might be reſtored to health. : 


And this inſtrument they call'd the Philgſopbers Stone, and the Gift of Azoth ; 


and to the perſons that were poſſeſs'd of it, they gave the name of Adepts. 

| And this prejudice a few {imple Experiments afterwards rooted ſtill deeper; 

for by theſe, they ſaw the healing vertues of Medicines might be extracted 
from them by the Chemical Art. Of this Rhazes had given ſome inſtances. 

Avicenna too, in the eleventh Century, * in his book, De Viribus * gx 
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hibited the ſame thing in the Julab of the Arabians, or the diſtill'd Water of 
Roſes; and it was afterwards confirm'd likewiſe by Meſue. 
The Au. Among theſe, the Authors of the greateſt character are Geber, called the 
thors in Al- Arab; tho* Leo Africanus will have him to be a Greek: He was at firſt a 
= Chriſtian, but afterwards renounc' d his Religion. He wrote in Arabic, and 
liv'd in the ſeventh Century. The Library of Golius furniſh'd us with his 
Works, which have been tranſlated into Latin by various hands. See Leo Aſie. 
L. III. p. 136. Conr. b. m. 369. 372, 373. He wrote chiefly 


2 | De Alchimia, vel Chimia 3 aut de inveſtigatione perſectionis Metallorum. 

== Die Summd Perfectionis Metallerum. . 

# De Claritate Alchimie, | 

i De Lapide Philoſophico. 

4 De Teſtamiento. 

it Die Epitaph. 

5 De inveniendd arte Auri & Argenti. 

bo Morienus Romanus, a Hermit of Jeruſalem: He wrote concerning this Ar- 
1 „„ canum, in a very elegant manner, and is reckoned among the pureſt Authors. 
„ 5 His Works were tranſlated out of Arabic into Latin the 11th of February 1182. 


Albertus Magnus, a German, Biſhop of e born at Laving in Schwaben, 

9 | about the year 1200. He wrote 
= A Treatiſe De Mineralibus. 
| Lilium floris de ſpinis evulſum. 

Speculum Alchemie de compoſitione Lapidis, &. See Borellus | 

Roger Bacon, a Briton, who was a Monk of Weſtminſter, and reſided at Ox- 
ford. He was famous for his knowledge in Alchemy, Chemiſtry, natural Ma- 
gic, Mechanics, Metaphyſics, Phyſics, and Mathematics; and was in vaſt re- 
putation about the year 1226. Thoſe of his Works that are come to our 
| hands, are 
8 1 | Two Treatiſes, De Chiniis, wrote in a plain ſtyle enough, 9 any de- 
ſign'd obſcurities. 

Speculum Alchemiæ, and another different from the printed one, the Manu- 
ſcript of which is in the Univerſity Library at Leyden. 
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. 8 Theſaurum Cbemicum. 

> De ſecretis artis, atque nature operibus, & de nullitate Magiæ. Specula Ma- 
=  thematica. | 

"A His Works De Arte Cbymiæ, printed at Francfort, 1603. 12%. which con- 
3 tain a great many very beautiful obſervations in Mechanics, natural Magic, 
4% and various other Arts, the honour of which is unjuſtly given to modern Au- 
i thors ; and which wer©tallly imputed to Magic and Hereſy. Borrich. Or. Ch. 

9 . p. 122. and Borellus. 

= George Ripley, a Briton, Canon of Bridlington, liv*d about the ſame time. 
I x 38 wrote Duodecim port@. Medulla Chimica. Alchemy, the Manuſcript of which 


| is in the Library of the Univerſity of Leyden, in Engliſb verſe, All his Works 
=_— - were printed at Caſſel, in 8v*, 1649. 
| Hermeſius, the Philoſopher. He wrote a Treatiſe, De Mercurio Philoſopho- 


| rum. The Manuſcript, in the Library of the Univerſity of Leyden. 
L  Arnolaus, or Arnaud de Ville Nieuve, who liv'd in the thirteenth Century. His 
i | | Writings are Roſari um, Teſtamentum novum e De Alchimia. Semita 


Semitarum, © | Roſa 
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Roſa Novella. A Letter to Pope Pius. 
Novus Splendor, vel Lumen. Flos Florum. De Furno Philoſophico. De Secrelis 
Nature. De nova compoſitione Lapidis vite Philoſophorum. De Principiis natu- 
xalibus to Pope Clement. Opus in Arte Majore. All theſe Treatiſes are in 
þ x Manuſcript, in the Univerſity Library at Leyden. . 
v Raymond Lully, of Majorca, deſcended from a family of Barcelona, He was 
born in the year 1235, was a Scholar of Arnaud de Ville Nieuve, and died in 
Africa in 1315. He was one of the principal Writers of the univerſal Reme- 

dy for all»diſeaſes of the human Body, and of the Lapis Aurificus, in his Trea- 

tiſe De Quintd Eſſentid. He wrote likewiſe, De Secretis Nature, ſeu de Quinta 
Eſſentid, & de Accurtatione Lapidis Philoſopborum. Codicillum, ſeu vade mecum, 
de formatione Lapidum pretioſorum ; Manuſcripts in the Univerſity Library at 
Leyden. Claviculam de L. P. Teſtamentum Apertorium. Some Letters to Ed- 
ward, King of /England. Lux Mercuriorum. De Mercurio Speculum magnum. 
Teſtamentum Nbviſſimum. A Letter to“ Robert King of England. Aphoriſmi. So in the 
Epiſtola Accurtationum. De inveſtigatione occulti ſecreti. Exempla Accurtationis, 
The Manuſcripts of all theſe Treatiſes are in the Library of the Univerſity 
of Leyden. He is ſaid to have wrote upon chemical Subjects, to the number 
of ſixty Volumes. 7 | i „ 3 7 

Joannes de Rupeſciſſa a Franciſcan Monk; he died in priſon about the 

year 1375. He wrote various Treatiſes of Alchemy. See Conr. H. M. Borellus. 
Paracelſus ſaid of him, that he aſſerted things that were both trifling and falſe. 
L aacus Hollandus, and Joannes I/aacus Hollandus, of Stolk, a little town in 
Holland. They wrote a good many things on Alchemiſtical Subjects, in which 
there are a great many very curious Experiments. De Lapide Philoſopborum. 
Scientia Chimie. De projectione inſiniid. De Mineralibus, & vera Metallorum 
Metamorpoſi. De Vino. De Vegetabilibus, and other things. | 

Baſil Valentine. It is commonly reported, he was a Monk of the Benedictine 

Onder at Erfurt; tho? it is confidently affirm'd, that there never was any ſuch 1 
Monaſtry there; and indeed, both names ſeem to be a fictitious compoſition 9 
from the Latin and Greek : This however is certain, that he was a moſt ex- 
pert Artiſt in every Branch of common Chemiſtry. That ſingle Treatiſe of 
his, intitled, Currus triumpbalis Antimonii, is a ſufficient proof of this Aſſertion; 
for that alone contains an exact deſcription of almoſt all the chemical Artifi- 

ces that are now-a-days unfairly put upon the world for new diſcoveries : In 
the more abſtruſe parts of the Art too, he diſcover'd a profound knowledge. 

His very great fault was, that heextolled every Preparation of Antimony, with- 3 
out exception, for its medicinal vertues ; than which, nothing can be more weak, | f 
fallacious, or miſchievous. And this fatal error has infected all the Schools of 
the Chemiſts, from that time, quite down tothe preſent age. It appears by his 
writings, that he was both a Monk and Phyſician; and ſeems by his learning, 
to have gain'd a very great reputation in the Courts of ſeveral Princes. 
He is ſuppoſed to have flouriſhed in the Century before Paracelſus. He was 
the Inventor of the three chemical principles, which Paracelſus afterwards made we 
great uſe of, He wrote a great many things in a pretty prolix manner, and 
tome of them upon medicinal Subjects. | - 
After theſe laſt five Authors had publiſh'd their Works, the opinion, as we Chemitts 
3 Juſt now took notice, every where got ground among the Chemiſts, that it was mia;tecome 

4 | | 1 4 " is | poſſible, Phyſicians. 


Ny0õ ü ROne 


12 


* 
Who be- 
ing puffed 
up with 
ſome good 
effects of 
their Art, 
eſpecially in 
the venereal 
Diſeaſe by 
the influence 


of Mercury, 


new and in- 
credible 
eures. 


But perform 
very little. 


== Hiſtory of 
3 | Paracelſus 
6 | from him- 
ſelf. 


1 9 a * Oh * * . * PS PEE IE" ON Br FT 3 
1 * * 4 TER * r * "Wi K 
* * * . 7 
* ” - 


- * 


Elements of CH EM ISTRY, Part 1. 


poſſible, by one alchemiſtical Medicine, perfectly to root every diſtemper out 
of the human body, to reſtore abſolute health, and prolong life to a great ſe- 
ries of years, without being impair'd by any diſeaſes. eee 

Puffed up therefore with theſe expectations, and grown vain with the ſuc- 
ceſs they had had from ſome of their ſtrong chemical Medicines, in a ſhort 
time they were for engroſſing the Art of Phyſic intirely to themſelves. 

At the ſame time too, the Art of Phyſic had for a good while, by the ſubtle 
ſophiſtry, and jargon of the Schools, been become intirely Galenical, and gi- 
ven up to the doctrines of the Arabians: Hence bleeding, purging, and a few 
efficacious Medicines, being the ſum of the practice, and theſe not being ſuf- 
ficient to encounter with the venereal Diſeaſe that then made havock among 
them, it was forc'd to give way to the more powerful Preparations of the 


chemical Art; for Carpus, by the aſſiſtance of his Mercury, eaſily out-did the © 


Shoolmen, and thus afforded the Chemiſts freſh occaſion of triumph, 
By this means, the condition of the old Phy ſicians ſeem'd now to grow very 


uncomfortable ; for after they had taken a vaſt deal of pains to ſearch into 


nature, in order to diſcover the origin, and cure of diſeaſes, theſe boaſting 


Alchemiſts condemn'd all their labours in Ztiologics, Diagnoſtics, Prognoſtics, 


Dietetics, and Therapeutics, as trifling, and of no manner of ſervice 3 whilſt 
they, without any regard to diet, or the cauſe and nature of the diſorder, could 


intirely remove all manner of diſtempers, by the ſimple application of one and 


the ſame Medicine, | 5 

This extravagant error, however, by ſweeping away great numbers at the 
firſt onſet, made it appear, upon maturer conſideration, that the bold preten- 
ſions of thoſe practitioners were not only vain, but did likewiſe a great deal of 
miſchief, 1 85 | CON n 

This we learn plainly from the life and writings of Paracelſus and Van Hel 
mont, as may be Hirly collected from the hints they have given us. 

Aureolus Philippus Paracelſus Theopbraſtus Bombaſt de Hohenheim, was 
the Son of William Hohenheim, a man of Letters, and Licentiate in Phy lic, 


felf a natural Son of a Maſter of the Teutonic Order. 
He was born in the year 1493, in a village called Eizſidlen, which ſignifies 


thoꝰ not much noted for his practice, who had a very fine Library, being him- 


a Deſart, two German miles diſtant from Zurich in Switzerland: And hence he 


came to be called the Hermit ; which appellation Eraſmus gave him, in the 


letters he wrote to him. 


He is ſaid to have had his teſticles bit off by a hog when he was but three 
years old; and from that time he was looked upon as an Eunuch. This is cer- 
rain he always behaved with the greateſt averſion to the female ſex ; and yet 
a picture of him drawn from the life when he was grown up, repreſents him 
with a beard, Under the advantage of the faithful inſtructions he received 
from his father, he made great progreſs, both in medicine and ſurgery ; but 
having whilſt he was very young a vaſt fondneſs for Alchemy, his father com- 
mitted him to the care of Trithemius, abbot of Spanheim, who was at that 
time in great reputation. Under him he got an inſight into a good many Arcana, 


and then quitting him applied himſelf to Sigi/mund Fuggerus, who at vaſt ex- 


pence and with a great many ſervants, was then ſtrenuouſly proſecuting the 
chemical Art in Germanyz which he had very much improved by abundance 
of new Diſcoveries, _ u— _ And 
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And here it was, as he himſelf confeſſes, he learned both the Theory and 
Practice of the Spagarite Art. 2 | 

Afterwards he tells us, he ſought out, and ſtudied under all the tutors, that 
bore the greateſt reputation at that time of day, and were deepeſt ſkilled in 
the adept Philoſophy ; and they, he ſays, concealed nothing at all from him, 
but revealed to him all their Arcana. 

However not being ſatisfied with this, in order to get a better knowledge of 
Phyſic, he viſited all the Univerſities in Germany, Italy, France, and Spain; 
and travelled into Pruſſia, Lithuania, Poland, Walachia, Tranſylvania, Croatia, 
Portugal, Sclavonia, and in ſhort into all the Kingdoms of Europe; and 
wherever he went he made it his buſineſs to inquire among Phyſicians, Barbers, 
old Women, Conjurers, Chemiſts, rich and poor, for the beſt and ſureſt re- 
medies, and was always very well pleaſed to be informed by any perſon what- 
ſoever. 

From the writings of Baſil Valentine, he learned the doctrine of the three 


Elements, Salt, Sulphur, and Mercury, which he afterwards, concealing the Au- 2 


thor's name, publiſhed as his own. | | 
When he was twenty years of age, he took a view of a great many mines 
in Germany; and whilſt he was on this expedition, wandering quite up into 
Muſcovy, he was upon the borders taken priſoner by the Tartars and carried 
before the Cham, who. ſent him with the Prince his ſon to Conſtantinople : and 
here in the eight and twentieth year of his age, he is ſaid to have become maſter 
of the Philoſophers Stone. 

In the character both of Surgeon and Phyſician he was often in camps, battles 
and ſieges. 1 85 

He had a high eſteem for Hippocrates, and the ancient Phyſicians: as for 
the Doctors of the ſchools he made very little of them; and had a particular 
averſion to the Arabians. | =, 

Mercurials and Opiates he uſed plentifully and boldly, and with theſe he 
cured the Leproſy and Venereal Diſeaſe, the Itch, Ulcers, the lighter ſorts 
of Dropſies, and acute pains; which Diſtempers were ar that time of day be- 
yond the reach of the Phyſicians ; as they knew nothing of Mercury, and 
were afraid of Opium, from an idle notion of its being cold in the fourth 

degree. Dot | Ln 
By the cure of ſuch diſtempers he grew bold and famous; but particularly 74, frſt 
by that which he performed upon Frobenius at Baſil, which brought him ac- owe 
quainted with our great Eraſmus. The Magiſtrates of Bai] being on this ac- chem. 
count very well pleaſed with him, courted him withfa very handſome ſalary to 
the Profeſſorſhip of Phyſic and Philoſophy in their Univerſity ; which he ac- 
cepted in the year 1527, and gave public Lectures for two hours every day, 
in the Latin tongue ſometimes, but chiefly in the German. 

He took this opportunity to explain his own books, de Compoſitionibus, Gra- 
dibus, and Tartaro ; in which, as Yan Helmont obſerves, there is a great deal of 
trifling, and very little of any real ſervice. And here he burnt the works 6f 
Galen and Avicen publickly from the chair; and declared to his pupils, that if 
God would not aflift him, he ſhould not ſcruple to conſult even the Devil himſelf. 
At this place he got a great many Scholars, with whom he lived in a very 
friendly intimate manner. Three of them at his own expence he en 
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both with diet and apparel, and let them into ſome of his Arcana; but they 
deſerted their maſter, wrote reproachful things againſt him, and injudiciouſly 
making uſe of the obſervations he had communicated to them, did their pa- 
tients a vaſt deal of miſchief, He maintained in his family likewiſe, Surgeons 
and Barbers, to whom too he communicated ſome of his ſecrets 3 but theſe 


| likewiſe ſoon forſook him, and became his enemies. As his proper faithful 


ſcholars, he only ſpeaks handſomely of Doctor Peter, Doctor Andreu, Doctor 
Urfing,, Licentiat Pangratius, and Maſter Raphael. When he had been in his 
office two years, with three Pills of his Laudanum he cured Liechtenſeſſius a 
noble Canon of moſt terrible pains in his ſtomach, which had brought him 


ſo low that his Phyſicians had given him over. The Canon like other ſick 


folks had from the beginning promiſed him an hundred Louis d'ors, if he re- 
ſtored him to health, but refuſed to pay it when he had got well; upon 
which Paracel/us in a merry manner told him, he had given him nothing elſe 
but three pills made of mouſe dung; for which he was cited to appear in 
court by Theophraſius. The Judges proceeding according to their common 
law, and hence having regard not ſo much to his ſkill, as to the charge and 
trouble he had been at, decreed him but a trifling acknowledgment. This 
ſo provoked Paracelſus, that according to his cuſtom he could not help ac- 
cuſing the Judges both of ignorance and injuſtice ; and thus knowing himſelf 
guilty in ſome meaſure læſæ majeſtatis, he made what haſte he could home, 
and by advice of his friends got privately out of the city, leaving his whole 
chemical Apparatus to John Oporinus. He did not however retire to any great 
diſtance, but for two years wandered up and down Alſace, Oporinus all the while 
bearing him company, and waiting upon him: And during this time he was 
as happy in his practice, as he was diſſolute in his life, This Zwinger info rms 
us (Theatr. 1422), who at that time lived at Baſil, and frequently heard the 
ſtory from Oporinus himſelf. | : 

He had then taken Oporinus for his Amanuenſis, and ſervant. He was a fa- 
mous man, - and maſter both of the Greek and Latin tongue, but was led away 
by the vain expectation of being let into Paracelſuss Arcana. After rambling 
about with him however for two whole years, he found he could get nothing at 
all out of him, though he had left his own family purely on that account. 
Being quite tired therefore, and grown wiſer at laſt, he left Paracelſus, and 
returned to Baſil, 5 

The immediate occaſion, however, of his leaving him was the following ac- 
cident. One evening as Paracelſus was merry mak ing with ſome country felſows, 
he was ſent for to a Peaſant, that lay dangerouſly. ill near Colombaria in Alſace; 
but he being ſet in for drinking, and not caring to break company, put off 
going to ſee him that night. In the morning however he went, and when he 
came into the room, with a ſtern countenance aſked whether the ſick man had 
taken any thing, having ſome of his Laudanam ready to give him. The per- 
ſons about him anſwered, that nothing had been given him but the Sacrament, 
as he was now juſt upon the point of, expiring. Upon which Paracelſus flew 


into a paſſion, and told them, if he had ſent for any other Phyſician, he had 


no occaſion for him, 'and left the houſe immediately. This impious behaviour 
ſo ſhocked Oporinus, that he was afraid, he himſelf ſhould ſome time or other 
ſuffer for the monſtrous inhumanity of his maſter, and therefore reſolved to 

_ 2 — | take 


— 
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take: a final leave of Paracelſus, though he had a very particular. value for him. 
Zwinger, Thealtr. 2275. = | 
Paracelſus had now loſt what knowledge he had of the Zatin tongue, and never 
after this ſettled in any place, but kept rambling about; never ſober, neither 
changing his clothes, nor ſo much as going to bed; till at length after a few 
days 1lIneſs, in which he held perfectly ſenſible to the laſt, he died through ex- 
treme weakneſs at a publick inn at Sal/zberg, on the four and twentieth of Septem- 
ber 1541, and in the ſeven and fortieth year of his age, though by the aſſiſtance of 

his Elixir Proprietatis alone, he had flatter*d himſelf with the years of Methuſalem. 
Some of his works he publiſh'd himſelf, viz, The fourth part of his Chirur- 
gia Magna, which he dedicated to Hieronymus Bonerus chief magiſtrate of the 
city of Colmar, the ſecond day of June 1528. His Treatiſe de Apoſtematibus, 
which he preſented to Conrad Wiſeram, Conſul at Colmar the 5th of July 1528, 
His books de Gradibus, Compoſitionibus, and Tartaro. Chirurgia Magna, which he 
addreſſed to Ferdinand Ce/ar, from Munchrath, May the ſeventh 1536. The 
ſecond part of this, which he inſcribed to the ſame perſon the eleventh of Au- 
guſt, 1536. In theſe he quotes thoſe works of his, that were already publiſhed ; 
De Archidoxis, De Sanationibus, De Sanitate Microcoſmi, & Elementorum. De Ge- 
neratione Naturalium. De Suppuratione. De Signis. De Charafteribus, & Adeptis. 
De Phlebotomid. De Origine novorum Morborum. De Magia. 
This whole Hiſtory of Paracelſus J have extracted from his own writings, 
from Oporinus, Zwinger, and Helmont in particular; nor has it coft me a little trou- 
ble. See Van Helmont, (p. 187. F 3. p. 324, 325, 698, 699.) As for the accounts | ö 
given of him by other Authors, I was afraid to ſubjoin them, as a mixture of i]Þ _ f 
nature or prejudice in his favour ſeems too evidently to appear amongſt then. | i 
Foon Baptiſt Van Helmont, deſcended from a noble family at Bruſſels, was The life of 
born in the year 1577, fix and thirty years after the death of Paracelſus. In the men: from \ 
year 1580, he loſt his father, being the youngeſt of all the children, and then 8 
without the knowledge of his friends, and contrary to the inclination of his y 
mother, he applied himſelf to the ſtudy of Phyſic, p. 837. 
In the year 1594, he had gone through a Courſe of Philoſophy, being chen who was 
but ſeventeen years of age, (p. 12. H 1.) He was a prodigious lover of books, lem in 
and had carefully read over Galen twice, Hippocrates once, other Greek, and op Lacan 
all the Arabian Phyſicians 3 and whatever he thought worthy of notice in them CT 
he had collected into a common place book. And hence, at this time, he gave cine, 
publick Lectures in Surgery in the College of Phyſicians at Louvain, being ap- 
pointed to that office, by the Profeſſors, Thomas Fyznus, Gerard Villers, and 
- Stornius, (p. 833.) | 7 
In the year 1599, he was made a Graduate at Louvain, in the two and Was made 
twentieth year of his age, (p. 11. F 7.); and began to ſee the inſufficiency of over Nr 
the ſchools, long before he was maſter of any good Medicines, (p. 423. § 2). 8 
In himſelf he experienced the unſuccesful method of cure of the ſchoolmen, 
being troubled with a flight Itch, which was happily removed by the aſſiſtance of 
Sulphur, (p. 256, 257). He then began to grow uneaſy, that he being of a haired of 
noble deſcent ſhould be the firſt of the family, that had ever applied himſelf to ne a. 0 4 
the ſtudy of Phyſic; and for this reaſon he quitted his Profeſſion, divided his Phylic 1 
effects among his relations, and went out of the country with a reſolution never | ; 
to return again, (p. 833). He threw away his library which .coft him r 
: hundre 
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hundred Piſtoles, (p. 666. § 12), and wandered about for ten whole years, 
(p. 11. $ 7). He then, by the aſſiſtance of an illiterate perſon, got a notion of 
Purotechny, and applied himſelf intirely to Chemiſtry. Within two years after 
he made himſelf maſter of certain Chemical Medicines, by which he was able 
to cure ſome Diſtempers, (p. 833): | | : Je; £7 Rp 
In the year 1609, he married a wealthy virtuous wife, of a noble family; 
and with her he retired to Vilvorden, where he gave himſelf wholly up to the 
Chemical Art, (p. 41. F 7. p. 833, 838.) | 3 
At firſt ſetting tout, by making ſome very dangerous Experiments, he fre- 
quently run a riſque of his life, p. 719, 948. . 
He neither viſited any patients, or followed his Profeſſion with views to ad- 
Vantage, (p. 693. § 3.) N 5 
wg And yet he tells us he relieved myriads of ſick. perſons every year, (p. 835.) 
* He ſpent fifty whole years in diſtillations, (p. 241. § 1.) He was in great 
eſteem with the Biſhop and Elector of Cologn, who was vaſtly fond of Che- 
miſtry, and exceedingly well ſkilled in it. He was ſent for by the Emperor 
Rudolphus; and invited to Court by two Emperors: but he would not accept 
their favours, (p. 833, 835.) 15 „ ** 
Could not He was not able to cure his two ſons of the Plague, but loſt them both, 
curematy (p. 873); nor his eldeſt daughter of the Leproſy, though he ſpent two whole 
diſeaſes. | 1 : : 
years about it, (p. 7 14. & 27); nor his wife, or maid, (p. 469); nor himſelf when 
ſomebody had given him poiſon, Bid. | 5 
Is the year 1624, he publiſhed a little treatiſe, de Aquis Spadanis, at Liege 3 


and afterwards ſome other pieces. | 5 | 

* In the ſixty fifth year of his age, (p. 720, 721.) after he had paſſed his 
endeavours ſixty third, on the third of the Kalends of Fanuary, 1640, he was ſeized with 
his cure by a Fever, accompanied with a light Rigor that. made his teeth chatter. He 


— had a pricking pain about his Sternum, attended with a difficulty of reſpiration. 


Was ill 


hols What he ſpit up, was at firſt ſtreaked with blood, and afterwards pure blood 


itſelf. He took the Penis of a Stag ſcraped, and his pain abated. Afterwards 

he drank one drachm of goat's blood. In four days time the bloody Sputum 

left him; but he was ſtill at times troubled with a ſlight cough, with ſome 
diſcharge, His Fever ſtill continued, and a pain in his Spleen ſucceeded, which he 

removed by drinking ſome wine made hot with Crabs Eyes: And in a ſhort time 

all the ſymptoms diſappeared, (p. 322. 35.) In the year 1643, being expoſed 

But without to the fume of burning charcoal, he fell into a Syncope, (p. 242. F 19.)-from 

we the inconveniences of which he relieved himſelf by Sulphur of Vitriol, ibid. 

On the eighteenth of November, 1644, he was attacked by an Aſthma and 


| thence ſinks two Paroxyſms of a Pleuriſy : Under this diſorder he laboured ſeven weeks, 
bro odd and then died of a ſlight Fever from extreme weakneſs, on the thirtieth day 


of December, 1644. See his ſon's Preface, who after his father's deceaſe pub- 
liſhed all his works. | 


Hence therefore it appears evident beyond diſpute, that neither of theſe Authors, 
who were the moſt famous of the Chemiſts that practiſed Phyſic, were maſters 


The account given us here of Van Helmont's age don't agree with the preceding one of his birth: for 
if he was born in 1577, he could not on the third of the kalends of January, 1640, be in his ſixty 
fifth year, This, among other things, I mentioned to the learned Author, who is ſenſible of the 
diſagreement, but ſays it ſtands fo in the places quoted from Van Helnont himſelf, t 
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of ſach a univerſal Medicine as they every where boaſt wy tho? where the 
Viſcera of their Patients were ſound enough to bear the ſhock of their violent 
| Remedies, it mult be confeſs d, they perform'd a great many noble cures.. 

And here we may likewife remark, that neither of theſe vain men, with all 
their pretenſions to longevity, arrived in reality to that ſtage of life, that one 
can properly call old age. 

Afterwards the celebrated Phyſicians, Franciſcus de le Boe Sylvins, Otto Lache. Chemiſtry 
ius, and their followers, introduc'd the chemical Art into Medicine, and made did M6: 


this every where dependant upon it, both in Theory and Practice. | — mot” 
| Theſe things then being thus ſlightly gone through, it will be of ſervice to —4 224 


beginner, at his ſetting out, to examine carefully thoſe Authors, who have Science, 
digeſted the operations of Chemiſtry themſelves into a regular ſyſtem; and of 
theſe, the following are the moſt valuable. 
Ofwald Crollius. Baſilica Chemica cum notis Jo. Hartmanni. Genev. 1658. og, A cole 


Beguinus Tirocinium Chemicum, often reprinted. 8vo. and 12mo, 1 
John Hartmann. Opera Medico-chymica. « Frandf. 1690. folo. e fica] part. 
Glaſer. Traitè de la Chymie. Bruſſels 1676. 12mo. 
Le Fabre. Trails de bs Cbymie. Leyden OT + 2mGs 2 — Pari 1645 
2 vol. 8 vo. 
Le Mery. Cours de Chai 1 1916, "oy 
Le Mort. Chymia Medico-Phyſica, Sc. Leyden 1696, 4to. 
| Barchauſen. Puroſapia. Leyden 1698. 4to. 
In the metallurgic part of the Art, the moſt e are 
Geber, often printed in various ſizes. 
George Agricola. De Re Metallica, Lib. xii. &c. Baſil, 1657, 
Lazarus Erkern, Beſchreibung aller furnemiſten Mineraliſchen ertæ, und berg- 
werks arten, &c. Francf. 1629. folo. The ſame in 4to. Francf. 1694, intitled, 
Aula ſubterranea, alias Probirbuch Lazari Erker. 
Zobn Rudolphus Glauber, throughout all his works publiſh'd — at . 
different times, and in various ſizes. 
Joachim. Becher. Metallurgia Becheri. Francf. 1660. 8 vo. 
Jobn Kunkel. Philoſophia Chymica, experimentis confirmata. Amſterdam 12m0; 
Olaus Borrichius. Docimaſtica metallica. Copenhagen 1680. 8vo. 
In Alchemy the following are of greateſt repute. | 
Geber, who Bernardus reckons amonglt the Sophiſts. | Alchemifte\ 
Morienus. a 
Roger Bacon. 
George Ripley. 
Raymond Lully. 


Bernardus, Count of Treviſan. He wrote in the year 1453. 
Joannes Iſaacus Hollandus, and who perhaps is che ſame 
Jaacus Hollandus, who is more modern than Arnaud de Ville Niewve, but an- 
cienter than Paracelſus. Penotus had ſuch a value for him, that he imagin'd 
him, lying conceal'd in Paracel/us's time, to be Elias the Artiſt, the promis'd | 
revealer of ſecrets. Libav. Alchimia Pharmaceut. 122. 


Baſil Valentine. CO Schriffien. Hamburg 1694. vo. 
Ariepbhius. 


Theatrum Chemicum, 5 c 
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1 
Turba Philoſophorum. 
Paracelſus. Opera omnia, in Latin, Genev. 1658. 2 vol. fob. 
a . - High-Dutch, Straſburg, 1603. 2 vol. folo. 
WIN Ta. — R ent 1616. 2 vol. folo. 
Ireneus Philaletha. 
; Michael Sendivogius. 
- Jobn Baptiſt Van Helmont. Opera omnia. Amſterdam, 16 ; 2. 4to. 
Chemial For Chemiſtry apply'd to Medicine and Natural an 
Authors. in The fame Van Helmont. 
and natural Robert Boyle. In all his writings. ; 
Fee, Fobn Boba. Diſſert. Chymico-Phyſice, Lip, 1698. 
; Dr. Cox and Dr. Slare, In ſeveral of the Philo/o phical Tranſaftion of the Roya! 
ocieiy. 
17 | Meſſieurs Homberg, Geoffroy, and Ee Mery, the younger. In the Memoirs of 
we the Royal Academy of Sciences. 
= Ss Georg. Erneſt. Stabl. In his Fundamenta Chymiæ. Norimb. 1723. 4to. 
09 [os But above all, the very ingenious Frederic Hoffman, in his eee, 
* Pbyſico-Cbemicæ ſeleftiores, libris tribus comprebenſæ, publiſh'd at Hall, 1722 ; 
1 ä Gentleman, who has done a vaſt deal of ſervice to the chemical Art, and * 
1 riched both Chemiſtry and Phy ſic, with abundance of beautiful obſervations. 
: Þ 
1 is 
„ * 
1 
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COURSE of CHEMESTRY. 
ELECT; LS! 
Which delineates the Theory. 


| HEMISTRY is an Art, that teaches us how to perform certain Chemig:y 
phyſical operations, by which bodies that are diſcernible by the ſenſes, fel. 
or that may be rendered ſo, and that are capable of being contained 


as in veſſels, may by ſuitable inſtruments be ſo changed, that particular 


determin'd effects may be thence produced, and the cauſes of thoſe effects under- 
ſtood by the effects themſelves, to the manifold improvement of various Arts. 
And certainly, it very juſtly deſerves the name of an Art; inaſmuch as it di- 


rects us to the performance of ſuch actions, as the underſtanding certainly knows 
will produce ſuch and ſuch effects. Ry. | 


The objects, in obſerving or changing of which this Art is converſant, are The objet 
all ſenſible bodies; and that whether they are ſo in their own nature, or ſuch, as 
tho* they were before imperceptible, yet by the help of this Art, either in them- | 

ſelves, or by their effects, may be brought within the reach of our ſenſes ; 
eſpecially, if they are naturally capable of being contain'd in veſſels ; or by 

the power of this Art, may be ſo managed, as to be confin'd therein. 

| Now, from an accurate conſideration of theſe bodies, it appears, that they Piſpoſes into 
may commodiouſly enough be diſtributed: into three Claſſes 3 and theſe have gu cit 
obtain'd the names of Kingdoms. 

The firft Claſs comprehends Foſſils, or, as they are vulgarly called, Minerals; The firft in- 
which are defined natural bodies, generated in the bowels, or on the ſurface aus For 
of the earth, whoſe texture is ſo ſimple, that the moſt accurate obſervers, aſ- Charadtr of 
ſiſted by the niceſt microſcopes, have never been able to diſcover any diffe- Fe 
rence in them of veſſels and contained fluids, nor any part of them, but what 


is perfectly uniform, and ſimilar to the whole; tho? at the ſame time we cer- 


tainly know, that moſt of them are compounded of parts, both ſolid and 
fluid: Theſe the Chemiſts call the Mineral Kingdom. Eh 


Of M ETA Ls. 


And among theſe, the firſt place in order is given to Metals; whoſe cha- The fr 


racter is, that they are the moſt ponderous Foſſils, melting in the fire, uniting Pe be 


again in the cold, and then being ductile under the hammer. Marks of 
Now of theſe, if we conſider them ſimply, there have never yet been diſco- Metis 


vered more than ſix, viz, Gold, Silver, Copper, Tin, Iron, and Lead. 
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Elements of CHEMISTHR, Part II. 8 

The ancient Philoſophers indeed, added Mercury; but as that has neither 
Hardneſs, Ductility, or Fixity, it muſt certainly be of quite a different nature: 
The place however where it is found, its weight, ſimplicity, and eaſy union 
with Metals, naturally led them to think in this manner; and indeed, *tis a 
very ancient, and has been a very prevailing opinton,. that Mercury conſtitutes 
the principal part of all Metals. 9 95 5 

The moſt ancient among the Perſians, which is pretty remarkable, in their 
religious affairs, conſtantly made uſe of the fame Names, for the ſeven Metals 
they ſaw produced in the Earth, which they had given to the Planets in the 
Heavens. . 5 8 

The Aſtronomers too, and Aſtrologers, have diſtinguiſhed the heavenly 


Planets by the very ſame Characters O, C, d, 2, &, A, H, as the Chemiſts do : 


their Metals. | | 

Which of them made uſe of theſe Marks firſt, it is not eaſy to determine; 
but this is certain, that the Chemiſts, by their hieroglyphieal manner of writing, 
have aptly expreſs'd the Bodies they deſign'd to repreſent, as upon examination 


*; 


will eaſily appear. 


T Denotes every thing that is ſharp and corrofive, Vinegar, Fire; and hence it 

has thoſe ſharp points which you ſee all round it. Dot 

© ——whatever is perfect, immutable, and moſt ſimple: Such is Gold, in 
which there is nothing corroſive, or heterogeneous. F: 

C ———half-gojd ; whoſe inward part turn'd outwards makes pure gold, with- 

out any thing foreign, or corroſive. bob the Alchemiſts have obſerv'd 


in Silver. 


the inmoſt part pure Gold; but that at top there appears the colour 


of Silver, whilſt underneath there is ſomething ſharp and corroſive; 
both which being remov'd, there will remain pure Gold, but Aurum 
vivum. This the Adepts aſſert to hold good in Mercury. 

7 the greateſt part to be gold; but that there is ſtill a conſiderable quan- 
tity of a crude, ſharp, corroſive matter join'd with it, which being ſe- 
parated from it,. the remainder will have the properties of Gold. his- 

al ſo the Adepts declare the truth of. 
that this too is intimately Gold; but that it has with it a great deal of 
the ſharp, and corrofive; tho? with but half the degree of Acrimony as 

the former, as you ſee it has but half the ſign that expreſſes that qua- 

lity. And what the Alchemiſts aſſert, the Phyſicians obſerve to be 
true: Indeed, it is almoſt the univerſal opinion of: the Adepts, that the 
Aurum vivum, or Pbilaſophorum, does lye conceal'd in Iron; and 

that here therefore we muſt ſeek for metalline Medicines, and not in. 

Gold itſelf. „„ / 5 

F — that Tin is half Silver, the other half a crude corroſive Acrimony: And 
this every one who is uſed. to docimaſtic trials experiences the truth of; 
for the Cupel ſhews, that it has pretty near the ſame fixedneſs in the 
fire with Silver; and that it contains abundance of crude Sulphur, well 
known to the Alchemiſts. 

h — that it is nearly all corrofive, with ſome reſemblance of Silver; which to 
the {kilful is ſufficient, ot I 


8 — Chaos, 


wall LT 
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4 — Chaos, vd way. The world. The one in which are all things. Gold, and 
- a large quantity of an arſenical «rr oh 3 6 
The individual proper character of Metals, it their extraordinary weight, Weight, the 
which far exceeds that of all other bodies: And this, as it is of all properties Inden 
the moſt difficult for Art to produce, affords us a certain mark of Merals. mark of 

A catalogue of them, as they have been examined in the pureſt water, 1 
have here inſerted from the Philoſophical Tranſactions No. 169, p. 926. 


No. 199, p. 694. 
© 
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other very 


If we want therefore to be ſatisfied, whether bodies that we are not acquaint- bea bodies. 
ed with, have any quantity of Metal in them, the conſideration of their weight . 
furniſhes us with the beſt method of trial. tte weight 
Nay, and by this means it often appears too, of what fort it is. . 
How great therefore muſt be the difficulty of increaſing the weights of bo- great ut. 
dies to ſuch a degree, as to condenſe other Metals into Gold, or to convert 
other bodies into Metals ? Wt ü | 
Hence again we ſee farther, what ſubſtance comes neareſt to Gold, in reſpect 
of its weight, and of conſequence, is moſt likely to be tranſmuted into it. 

And laſtly, that the demonſtration from weight is infallibly certain. 
O. 1. Of all bodies is the heavieſt. The troe 
2. The moſt ſimple, or homogeneous. WIS, N 
3. The moſt fix d, both in Air and Fire: Nay, it is ſo to ſuch a degree, 
that an ounce of Gold has been kept in fuſion for two months together, 

in the Eye of a Glaſs-houſe furnace, without loſing one Grain of its | 
weight. Hence it appears to be incorruptible. | 
4. It is the only body that is capable of reſiſting the power, both of Antimo- I 
ny and Lead; nor when is is melted with them, does it run into Scoriæ 
with 'em, like other Metals, but finks to the bottom. Hence it is the 
molt durable of all bodies we are hitherto acquainted with; nay. perhaps 
immutable, by any phyſical power: And for this reaſon, the wiſeſt among 
the Alchemiſts, have unanimouſly agreed, that it is eaſter to produce 
Sold by Art, than it is to deſtroy it. 
5. Of all bodies 'tis the moſt ductile. The workmen can hammer out a grain 
pf Gold, between ſkins made of Ox's guts, into a leaf, that ſhall contain 
362 ſquare inches, and 24 ſquare lines. Forty-eight- ounces of Silver 
| ſhap'd into a cylindrical form, may be gilt with one ounce of Gold; from | 
this, Wire may be drawn ſo fine, that 2 ells of it ſhall weigh no more than _— 
3 one grain; and conſequently, in the ſurface of theſe 2 ells, there muſt be 
9 extended n of a grain of Gold; and yet upon examination with a Mi- 
= croſcope, the Gold is found to be ſpread ſo thick, that there is not, in 
any part of the ſurface, the leaſt appearance of Silver under it. Hence 
therefore it follows, that nee of a grain of Gold may be diſcern'd by 
the naked Eye; and that the thickneſs of this viſible Foliage, is no more 


than zz of an inch. Halley, Pbilgſoph. Tranſadt, No. 194. p. 549 
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marks of 
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y 3 
Elements of CuenmisTRyY, Part II. 
And in the Mem. de P Acad. Roy. des Scien. tis demonſtrated, that the 
gilding on the ſmalleſt Silver wire, is but +5555 of a line thick. A ſin- 
gle drop of a Solution of Gold in Ag. Reg. will give a metalline taſte to 
a pint of rectify'd Spirit of Wine; and will change ſome quarts of Wa- 
ter, that have two grains of Tin diſſolv'd in it, to a dark purple colour. 
Hoffman. A workman at Auſburg, by a particular Art of his own, could 
draw one grain of Gold into a wire of 500 feet long. Caſſius de Auro, 
ag. 77. 5 
6. E > ſoft, ſcarcely elaſtic, or ſonorous. | | | 
7. When it is once red hot, it preſently melts; but in Madagaſcar there is a 
very ſoft ſort, which runs like Lead with a gentle Fire. Flacourt. Hiſt. Inf. 
Madagaſc. Borrich. Ort. Ch. 49. | | | = 
8. Nothing will diſſolve it, except Sea-Salt, or ſome Menſtruum prepared from 
it, all other Salts having no effect upon it; and hence it comes to paſs that 
it never ruſts, as there is no ſuch thing as Ag. Regia, or Spirit of Sea - Salt 
in the Air. — JE | | + 
9. It very readily unites with Mercury, if it is pure; but not fo eaſily with 
crude Mercury, as people generally imagine; no, not even by the aſſiſtance 
of Fife. 1 
10. If it is diſſolv'd in Agua Regia, and precipitated with Salt of Tartar, it 
will, like Gun-powder, acquire an exploſive Power. Gold 1s never cor- 
rupted by ruſt; or in the longeſt time, loſes any thing by exhalation : 
Nature gives it perfectly pure in grains and glebes, of which there have been 
ſome found, that have weighed two pounds; and this Gold is called Ovry-. 
zium; but it often requires the management of the Fire, as there is ſcarce- 
ly any Glebe that contains pure Gold, without a Mixture of ſome other 
Metals; unleſs, when it is moſt intimately united; and even then, it has 
in it ſomething of Silver: But Silver and Copper excepted, tis rarely ob- 
ſerv'd to be mixed with any other Metal: Almoſt all the world over it 
is diſtributed, more or leſs, and is found ſometimes in a white Glebe, 
with black ſpots, which is accounted the beſt; at others in black, 
red, or yellows. In the Glebes, as they are dug from the Mines, there is 
obſerv'd a white, blue, red, and green Vitriol; and what goes by the 
name of Antimony of Gold. . 5 | 
It is ſeparated from the Ore, 1. By torrifying it in a reverberating Fur- 


nace; by which means the volatile parts are carried off. 2. By boiling it 


in Water, that the ſaline and pinguious parts may ſwim at top, and ſo be eaſily 
taken away. 3. By rubbing it with Mercury, if the Maſs is not pin- 
guious. 4. By rubbing it with Mercury, and Cal of Vitriol, if the Glebe 
is fattiſh, and then boiling it in Water. 5. By Aqua Regia. 6. By cer- 
tain Salts, which ſerve to fix the volatile Oil, or Salc ; for theſe would other- 


wie carry off with them a conſiberable part of the Gold. 7. By waſhing 
it with Water; which is practiſed .chiefly with Gold Duſt. 


See upon this head, Lazarus Erker, Lord Verulam, and the Philoſophical 
Tranſattions. | 


Y 1,Ofall bodies comes the neareſt in weight to Gold; and the more ſo, the 
more it is purified. | Bs LE, 


3 
2, It 
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2. It is the moſt ſimple of all 2 Gold itſelf not excepted, if it be per- 

fectly pure. 

3. In the Fire, it intirely evaporates in form of Smoke, with a degree of 

N little greater than that of boiling Water. 

t is not at al ductile under the Hammer, but will, by a gentle ſtroke, 
9 divided into very ſmall Particles; and the more ſo, the purer it is: No 
degree of cold has ever been obſerved to condenſe it into a ſolid Maſs. 1s 
it therefore fluid Gold ? 

5. Of all Metals, it unites the eaſiſt wich Gold, then with Lead, Silver, and 

Tin; with more difficulty ſtill with Copper; and ſcarcely at all wich] ron. 

In the union therefore of Mercury with Metals, as Mercury is the Baſis 

of them all, is it not the Mercury, that by an affinity of nature, unites with. 
itſelf ? Hence, does it not unite ſo much the ea ſier with any Metal, as that 
Metal contains more of Mercury, and. leſs of any. other Matter? This 
certainly ſeems very probable. 

6. Both Aqua Fortis, and Aqua Regia, will diſſolve it. 

Hence then we may conclude, how difficult a piece of work it muſt be, to 
convert Mercury into Gold, as we muſt firſt give it weight, fixity, and duc- 
tility: In its nature, however, it approaches the neareſt to Gold. 

The greateſt quantity of it now a-days, is found in Friuli in Italy, where it 
is produc'd, 1. Ing Matrix, hard like Stone, and of the colour of Crocus. 
Metallorum. 2. In a ſoft Earth, which yields fluid Mercury. 3. In Stones of a. 
globular figure. 4. In Cinnabar. 

It is ſeparated Gor its Matrix by diſtillation ; or by ſifting it, and waſhing, 
it with Water. That which in the Mines is found ſpontaneouſly. fluid, * 
the aſſiſtance of Fire, is he co Mere Mercury. 


H, 1, Comes next in weight to Mercury. Marks of 
2, It is found by every ſort of trial to be exceeding fimple. Lead. 
3. It fumes in the Fire, and if kept melted a good while runs through moſt 
Veſſels; nor is it of a fixed nature. 5 
4. It is the ſofteſt and leaſt elaſtic of all Metal; not ſonorous; eaſily ductile. T 
5. Next to Tin it melts with the leaſt degree of Fire long before it is red hot, 
throws out a Calx, and quickly turns into Glaſs, which put again into 
fuſion no veſſel in the Fire is able to contain. Any light things thrown 
into it, it caſts up to the Surface. It vitrifies with impure Metals; and 
3 carries them with it out of the concave Surface of the Teſt, leaving 
3 Gold and Silver only, pure from all the others. The reſt it either dif- 
3 fipates in. Fumes, or draws with it through the pores of the Telt, After 
9 80 it preſently hardens again into a ſolid Maſs, but not ſo * 
as Tin. 
6. It diſſolves in A9. Fortis, but not in Ag. Regia, and yields a ſweet lalt. ” 
There is abundance of it in a great many Mines in Europe; the conſumption | 
of it ls very great; and though it is cheap, it is a Metal vaſtly uſcſul, as well: ö 


— 5 iir — OE. —— eng, ITE * 


— This ſeems to — what was aſſerted before of Gold; ; and indeed it does ſo, except you- 
underſtand it in an Alchemiſtical ſenſe, which was what our Author deſign'd. For theſe Gentlemen tell 
1 hk 8 8 E is the Baſis of all Metals; and that Gold itſelf is compounded of Mercury and a 
— ulphur, which conſequently therefore muſt be leſs ſimple than pura Mercury, which they- 
Y y agree to be — homogeneous, . , 
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as of a wonderful nature. In the Fables of the Mythologiſts, it is called the 
Origin and Father of all other Metals, and at the ſame time their Deſtroy er. 
7. Its Ore is heavy, ſhining, and of a lead colour, and is half Lead; tis 
ſometimes too, white, red, or yellow ; but theſe are not ſo rich, It has 
frequently ſomewhat of Silver in it, which is apt to impoſe upon the Aſ- 
1;  fayers, if they are not aware of it. | 
wy Marks of D 1, Is the next heavy Metal to Lead. EE 
2 Silver, 2, This alſo is ſimple, nor ſhews the leaſt diſſimilarity in its parts by any 
$8 common trials. 5 
FR 3. It is ſo fixed in the Fire, that it hardly diminiſhes, if it is perfectly pure. 
1 5 After keeping it fuſed in the Eye of a Glaſs-houſe Furnace for the ſpace 
5 of two months it is ſaid to have loſt ſcarce A of its weight; and it is a 
| * | queſtion whether that Silver was abſolutely pure. 
5 4. It is malleaþke, and may be drawn into exceeding fine Wire. 
„ 5. As ſoon as ever it is grown red hot, it melts. | | 
—_ . | 6. It is diſſol able in Ag. Fortis alone. 
* e — 7, It may be purified with Lead, being able to reſiſt it. ; 
E | 8. With Antimony it runs into Scoriæ, and becomes volatile. 
3 | It is found in a great may places, in various, and very different beds, and 
Nt has commonly a ſmall quantity of Gold interſperſed with it. There is often in 
Wy the Ore a corroſive, bituminous Sulphur, which renders the Silver volatile, 
= | and carries it off; or changes it into glaſſy Scoriæ, much to the diſadvantage 
0 | of the Owners. It yields neither to Salt, nor Lead, and therefore they ma- 
nage it with Mercury ; and this they do by mixing it with the Ore after it has 
| 3 been torrified and reduced to powder, and then in rubbing them together for 
* 4p 5 a conſiderable time, by which means the Silver unites with the Mercury, and 
= this they afterwards draw off by diſtillation. Phil. Tranſ. 589, 590, 591. 
_=_- | Marks of 2 1, Is the next ponderous Metal to Silver. N £ 
Wi, „ Net 2. It is ſimple likewiſe, though leſs ſo than the preceding. 1 
3. In the Fire it is pretty fixed, but fumes, and diſcovers ſome volatile parts. 
4. It is ductile under the hammer, and may be drawn out into very ſmall 
Wire; it is very elaſtic too, and of a ſharp ſound. | 
5. It grows red hot before it melts, and requires the greateſt degree of Fire 
do fuſe it, next to Iron. When it is in fuſion it wonderfully reſiſts Water, 
and is agitated by it in a moſt violent manner, and hence if any Water 
happens to come to this Metal whilſt it is melted, the event is exceedingly 
dangerous. | Z | 
6. It is eaſily diſſolved by any ſalt, and then becomes greeniſh, or blueiſh ; 
but ſoon getting rid of its diſſolvent, it grows of a dirty diſagreable colour, 
loſing all its former beauty: Hence both in Air and Water it contracts a 
greeniſh mould, which is nothing but a collection of ſmall Cryſtals. 
7. With Lead and Antimony it readily runs into Scoriæ, or is changed into 
jo : Glaſs ; and then leaves the Teſt, either going off in fumes, or running 
4 through the pores of it. 0 | | 
> Mines every where abound with it, when it adheres fo firmly to its ſtony 
* | Ore, that it commonly paſſes fourteen Fires before it is pure, It has trequently 
15 Silver mixt with it, eſpecially, in the black or light blue Ore ; the yellow, 
Sreen, and brown contain leſs: In it veins are very often found, green, blue, 
4 | | reddiſh 
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Theory of the ART. 25 
reddiſh and white Vitriols; and very fine green and blue ſtones: So that there 
is no metallic foſſil matter inriched with a greater variety of beautiful colours. 
8 1. It too diſtinguiſhes itſelf by its weight. | 1 
2. It is leſs ſimple than the preceding, having manifeſt marks of a erude | 
Sulphur, and a truly combuſtible matter, which may ſometimes be raiſed 
7 into lame. | 
1 3. It is fixed indeed in the Fire, though not ſo much but that it fumes, 
; throws out ſparks like combuſtible Subſtances, and conſtantly loſes of its 
weight, | A 
4. It 1 ductile under the hammer, and may be drawn out into Wire, if you 
don't attempt it too fine; for then it will ſplit, or diſcover its brittleneſs: 
It is hard, and ſonorous. N 3 
5. It grows red long before it melts, requiring the ſtrongeſt Fire, and being 
melted with moſt difficulty of all Metals. When it is perfectly red hot, 
it will bear the contact of cold Water. . 
6. All Salts readily diſſolve it, with which it changes of a red colour; but 
it eaſily gets rid of its diſſolvent, and then waſtes into ruſty Scoriæ: Hence 
it is ſcarce poſſible to preſerve it from ruſting, 55 
+, Of all Metals, it is the moſt eaſily deſtroyed: with Lead, and Antimony ; 
it preſently turns into Scoriæ. | | 
8. It both attracts, and is attracted by the Loadſtone. . 
9. It is endued with a medicinal vertue very beneficial to the Human Body, in 
which it may be nearly diſſolved, and to which it ſeems to approach nearer 
in nature than any other Metal. | 
It is obſerved to be generated in all parts of the earth, diſperſed through fat 
clayey earths, which being put into the Fire diſcover this Metal by their red 
colour. In the ſt6ny Ore it diſtinguiſhes itſelf by a ruſty colour, or if the 
vein is extraordinary fine by a pale blue one; nay, and often by its magnetic 
vertue. It is evidently contained in the native green Vitriol. It requires, how- - 
ever, the greateſt degree of Fire to procure it pure from the Ore, as well as 
the aſſiſtance of certain proper materials, and a previous torrefaction in the Fire. 
X I. Of all Metals is the ligheſt. Character of 1 
2. It is much leſs ſimple than the former, emitting with a gentle Fire ſul- * 1 
phureous fumes, which are eaſily ſeparated from the metalline part, and ö 
are almoſt combuſtible. | 13 
3. Hence, it is much leſs durable in the Fire. 3 
4. It is ſoft, eaſily bent, and ductile under the hammer, and may be drawn 
into Wire, but with much more difficulty than the former: It is not con- 
ſiderably ſonorous, or elaſtic. 5 
5. It melts much ſooner than the other Metals, long before it is red hot, and 
in a degree of heat not much greater than that of boiling water; but 
grows hard again immediately in the cold. 5 
6. Whilſt it is crude, and retains its natural Sulphur it is diſſoluble onl 
in Ag. Regia; but if by Calcination it is purified from its Sulphur, 
8 Vinegar will diſſolve it; and a little matter of the Solvent is ſuf- 
cient. 
7. It reſiſts Lead and Antimony ſo ſtrongly in the Cupel, that it cannot be 


forced out of it without great difficulty; and not at all indeed, without the 
aſſiſtance of Copper. E 8. In 
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g. In many of its properties it comes near to Silver. | 2 3 
The Ore which produces it, is exceeding ponderous, though the Metal itfelf * 
is but light. The Glebe it is found in 1s of a brown colour inclining to yellow, MH 


or, which is the richeſt, of a black one, ſmooth and ſhining, and ſometimes - 9 
not unlike the Iron Stone: It is contained likewiſe in a rocky ſubſtance very = 
heavy and porous. 5 1 3 
After the Ore has been burnt, pounded, and waſhed, it is melted, and ſepa- # 
* rated from its Droſs. The beſt ſort of it is found in Great Britain, which RX 
3 5 yields vaſt quantities; and hence Bochart was led to conjecture that the word 3 
Wh Bretania was derived from the Syriac Barat Anac, which ſignifies a field of Tin. I 
"i This Hiſtory of Metals, which is undeniably true, furniſhes us with the fol- J 
00 \ lowing obſervations. SO 3 a 
aj 3 1. That Metals are abſolutely different from all other bodies hitherto known, 
„ principles oe — whether natural, or artificial; as we find that the lighteſt Metal weighs 
Fl . more than twice as much, as the heavieſt body of any other kind. 
FF Metals, 2, That they muſt therefore be vaſtly in the wrong, who pretend to convert 
70 any other body into Metal; for as the weights of bodies ſhe w us exactly 1 
1 the quantity of matter they contain, the condenſing | them muſt be in- 1 
. : | ; AKnitely difficult, and ſcarcely to be effected without a creating power. 4 


3. That the moſt certain rule of judging, how nearly pure Metals are alike 
0 in their intimate ſubſtance, is to be drawn from the nearneſs of their 
= 5 | weights. 


4. That there is no Metal therefore that comes ſo near to Gold, as Mercury, 

| if you conſider only their matter ; for as to the other principle which gives 

I to each its particular form, it muſt be quite of a different nature, and 
therefore does not enter into our preſent ifquiry. 5 3 

Th 1 5. That the other properties of Metals, ſuch as, fixity, colour, malleability, 9 

—_— HT and ſimplicity, may poſſibly be more eaſily changed and produced. 


6. That Gold conſiſts of a moſt pure, ſimple matter, very like Mercury, 
faſtly held together by another exceeding ſubtil, pure, and ſimple prin- 
ciple, which being intimately diſperſed through the whole, firmly unites 
the Particles of the former both with itſelf, and with one another: Theſe two 
Principles are ſuppoſed to be Mercury and Sulphur, 

7. That the other Metals are compounded of the ſame principles, but that 

they have likewiſe a mixture of another lighter ſubſtance in them, which in 

every particular Metal is different, and is called Earth; and hence they 

appear to be compoſed of three forts of matter, to which in ſome of 
them, as a fourth, you may add a crude Sulphur. 

8. That they may be reſolved therefore into theſe their compounding Ele- 
ments, which in different Metals, both in nature, and number, will be 
different. 2 . | 

9. That this may be effected, by Mercury, a reſuſcitating Salt, or Fire; by 
various methods, in various Metals. 1 

10. That there is very little reaſon therefore for aſſerting that Metals are 
eaſily tranſmutable into one another, except you confine it to their mercurial 
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part alone, their original Texture being firſt perfectly deſtroyed; and 

that hence no more Gold can poſſibly be procured from any other Metal, 
than in proportion to the quantity of Mercury which that metal contains. 3 
„ ä ; | 11. That 1 
$ ö 


N 
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11. That it does not in reality appear, that there ever has been any Metal 
produced by Art, different from the fix which have been mentioned; 
notwithſtanding what Yan Helmont boldly aſſerts of Mercury fixed by his 
 Alcabeſt. $2 | | 4 | : 
12, A — 2 therefore acquainted with what has been ſaid of Metals will not 
eaſily be impoſed upon by empty promiſes, and ſpecious appearances; 
ſince none of theſe deceitful Pretenders could ever truly counterfeit the 
+ weight of Gold, or produce a body that would be ſo fixed in the Fire as 
Gold or Silver: by theſe two properties then we ſhall be always ſecure 
againſt their cheats, or plauſible reaſonings, and be able to diſcover their 
' ſpurious, artificial Metals; which brought to the anvil too generally. want 
malleability. | = 1925 
13. That x ſix Metals, if they are melted in pure veſſels, have all the very 
lame appearance, and perfectly reſemble Mercury, in colour, ſolidity, 
contraction of themſelves into a ſpherical figure, attraction of their Par- 
ticles, degree of fluidity, and mobility. Hence perhaps Mercury may be 
a2 Metal that requires the very leaſt degree of heat to put it in fuſion. 
Tin a Metal that won't run without a greater degree of fire; ſo that 
ſuppoſing the Air to have as much heat in it as is neceſſary to put 
Tin in fuſion, then Tin would be Mercury, but would fume, and caſt 
up a ſcum. Again, Lead would become Mercury, in a degree of heat 
ſtill a little greater, but would throw out a ſcum too, and run through 
the veſſels it was put into. A much ſtronger Fire ſtill is neceſſary to re- 
duce Gold and Silver to a ſtate of ffuidity, which would then be Mercury, 1 
and immutable. Copper requires yet a greater degree of heat to fuſe it, 
and reduce it to Mercury, and then too it would be ſubject to change. And 
laſtly, Iron which of all Metals runs in the Fire with the greateſt difficulty, 
would then be fluid Mercury alſo, but as the former, would be likewiſe 
mutable. 5 | | 


. | Of SALTS. 


Salts, ſometimes called concreted Juices, claim the next place in order to roi Salt. 


of Semi-metals, and other Foils. 
By Salt, we mean a Foſſil, Which diſſolves both in Fire and Water, and is 1, dgerent 
of ſo ſimple a nature, that every ſingle particle of it is ſimilar ro the whole, fors. 
and impreſſes a taſte upon the tongue. EO 
The natural Salts are, Sea Salt, Sal Gem, or foſſil Salt, Fountain Salt, Nitre, pom Sale, 
Borax, native Sal-Ammoniac, Alum, and a Vague: acid of the pits. : 3 
Foſſil Salt, the purer part of which is called Sal Gem, is found in different 


Metals; inaſmuch as they are exceeding ſimple 8 into the compoſition 


parts of the world, and is dug out of its pits perfectly pure, in vaſt quantities, 


and to prodigious depths. 


Fountain Salt, is procured from running water, in which it is found diſſolved, Pountais 
and when it is depurated, and inſpiſſated, is exceedingly like Sea Salt. _ 
Sea Salt, is diſperſed throughout the Sea, and by ſimple evaporation, and ge tt 
purification is reduced into Chryſtals. | _ porn 
Theſe three ſorts of Salt, though they are different as to their manner of pro- 
duction, yet are found to be of the ſame nature; the ſame quantity of Water 9 
1 ; olves 
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ſolves them all, viz. 3 + times their own weight; in our air they all ſpontaneouſly 
melt away; the Chryſtals they form are nearly alike, being cubical, parallelopi- 
pedal, or pyramida], tho? one chryſtallizes quicker, another flower; if they are 
put into Ag. Fortis they produce a Menſtruum that will diſſolve Gold 3 if they 
are urged by Fire they all yield an acid ſpirit, of the ſame nature; when 
they are diſſolved in moiſt air, they leave a great deal of earth, and a fat, ſharp,. 
aſtringent liquor; they crackle in the Fire, which, if it 1s ſtrong, will melt 
them; and then, if they are very pure, they will remain fixed in it a great 
while without undergoing any alteration; they yield no ſpirit, and but very little 
water; no Alcali can be procured from them; nor are they ſuſceptible of putre- 
faction. 1 55 | 
Modern Nitre, or Salt-petre, whoſe chryſtals are octogonal priſms, is a 
"ſemi-foffil extracted from an acrid, nitrous earth: it is put into fuſion by a. 


moderate Fire; ſcarce any water exhales from it, and *tis pretty fixed: when it 


is melted it deflagrates with any inflammable ſubſtance : it diſſolves in 6 times 
its weight of water. . Wi 
Nitrous 3 or ſtone, owes its vertues to the excrements of animals, or: 
their putrified carcaſſes (thoſe eſpecially, whoſe food has nothing of Sea Salt in 
it, as birds in particular,) when the aſhes of burnt vegetables, and quick lime 
happen to be mixt with them: and the nitrous Tins of being, thus produced,.. 
is diluted with a great deal of water, filtered through ſand, and then formed 
into chryſtals with octogonal baſes. ; COTS | 
Nitre is generated from a fat alcaline earth, and air. Hofm. de. Eft. Ag. Min. 
Ti H 047 | | ; | 1 . 
3 bekthird Salt, is Borax, or Chryſocolla, which is a foſſil of various figures, 


ce 


requiring more than 20 times its weight of water, with a great degree of heat, 


to diſſolve it; its taſte is bitteriſh, but with a ſort of ſweetneſs at its going off; 
it melts very eaſily in the Fire, and then runs off in a riſing froth, by. which. 


means a great deal of water is ſeparated from it, whilſt the remainder ſubſides 


into a beautiful kind of glaſs: It very much forwards the fuſion of bodies that 


are mixt with it; and hence is of great ſervice in ſoldering of Metals, Gold 
in particular. rr 


Next in order comes Sal Ammoniac, or Sal Arenarius, which is produced in 


Anmniac. the molt ſcorching parts of Lybia. The Sal Cyreyaicus of the ancients, which was 


in ſuch great abundance about the temple of Jupiter Ammon, appears by Pliny's - 


deſcription of the beſt ſort of it, to have been exceedingly like the Sal Am- 
moniac of the moderns. The burning mountains too in different parts of the 
world caſt out this fort of Salt; of which that from Ye/avins even to this time 


is eſteemed the beſt, | | 
Ad the Ir ought, therefore, to be referred to the claſs of foſſils; though that indeed 
modern fe- Which is brought to us now a-days from Egypt, is ſuppoſed to be an animal 
ULL0US.. . 


production. In reality, does it not every where owe its origin to ſoot ? 


3 The fifth of the ſimple foſſil Salts, is an acid, vague, volatile, liquid one, di- : 
$1 Salt. 


| ſperſed perhaps every where throughout the Mines: This being united with a 


foſſil Oil, as the Petroleum, Olenm terre, and the like, may poſſibly produce 2 


the different ſorts of native foſſil pellucid Sulphurs, called quick Sulphurs; 
as well as thoſe which are found united with the Semi-metals, Cinnabar, An- 
timony, and other Foſſils; and that both the fluid and ſolid: with Metals it 


: | produces. 


3 
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duces the various ſorts of Vitriol; with earths abounding with Lime the 
different Alums; and laſtly from the pyrites, which is the matrix of Vitriol, 
calcined in a quick Fire, it gives us the common Sulphur. 4: 

Is not this exceeding like that acid, which fumes from the blue flame of burn- 
ing Sulphur, and is ſo ſuffocating and deſtructive to all animals? certainly its 
analyſis, 'and reſolution would lead one to think fo. 

And for theſe reaſons perhaps it may not improperly be looked upon as a 
male Salt, which ſeems to impregnate the female Salts, and earths, * 

The fixth, and laſt is Alum, which is a true Foſſil, procured either from a Alum; 
ſtone that lies deep in the earth, which is hard, capable,of being cleft, abounds 
with Bitumen and Sulphur, and is eaſily inflammable; or from a bituminous . 
combuſtible earth, which in burning ſends forth a ſulphureous ſtench, - that is 
very pernicious: This matter expoſed to the air for the ſpace of a month, 
moulders into a powder, from which Alum may be then produced, though 
the earth was unfit for it before. | | 

If the ſtony ſubſtance is firſt expoſed to the air, and then burnt, it will 
flame, and by its ſmell make it evidently appear it contains Sulphur, 

The matter therefore being thus prepared, by the air only, if from the earth; 
but both by air and fire, if from the ſtone ; it is diſſolved in water, and then 
by the addition of a fixt, or volatile Alcali is precipitated with an efferveſcence; 
by which action the predominant acid being united with the Alcali produces 
a new Salt; which therefore owes its being to the air, the Alcali, and the Foſſil. 

The precipitated matter being then ſeparated from its Lixivium, and diſ- 
folved in boiling water, is inſpiſſated in a leaden veſſel and put into a tub, 
where after ſome time it ſhoots into white, or reddiſh octogonal chryſtals ; of 
a ſweet roughiſh taſte ;- not eaſily diſſoluble in the air; and that require four- - 
teen times their weight of water to diſſolve them. 

The acid of this Salt when it is forced out by the Fire, is like the acid va- 
pour collected from burning Sulphur, in almoſt every property. 

After the acid is drawn off, the feces that are left behind, yield a large 
quantity of a light, ſubtil earth, which very much reſembles bole. | 
If it is burnt with triple its weight of charcoal, it gives the Phoſphorus of 
Homberg ; and hence it ſeems to poſſeſs a particular power of exciting fire with - 
the aſſiſtance of air. 5 

In the formation therefore of foſſi! Salts, nature ſeems to have made uſe of 
a threefold acid; ſpirit of Salt; ſpirit of Nitre; and ſpirit of Sulphur; and 
that, in a very large quantity: with which ſhe has likewiſe joined, a ſmal! 
portion of Sulphur; as well as water, and earth. e 


The third claſs of Foſſils, is compoſed principally of Sul phurs, though ſome Sulpwur, - _ 
other bodies are referred thither likewiſe. 
Sulphur, is a foſſil body; hard in the cold, and eaſily reducible to powder; 
ut in a moderate degree of heat running like melted wax; it may be raifed 
by fire in a cloſe veſſel, intirely, and without any alteration ;, but if any air 
comes to it whilſt it is melted, it will burn all away, with a-blue flame, and a 
volatil fume, that is fatal to animals. 5 | 
True Sulphur, as ſuch, is found but ſeldom in the earth, and but in ſmall qu, 
| quantiſies; 


a A We" 5 


| TR Oo. = or Sulphur per campanam, united with ſome pinguious vegetable ſubſtance. 


30 Elements of CHEHMIST RV, Part II. 
quantities ; and there, it is either pellucid and yellow, like Amber; or pel- 
Jucid and red, like a ruby, which is called Sulphur of Gold; or opake, yellow, 
rey, or of various colours, and theſe go by the name of Sulphur vivum, or 
Viewio Sulphur. „ wy 
As to all the common Sulphur, which is ſold in Europe, it is an artificial pro- 
duction, from the ſtone called Pyrites; which nevertheleſs ſeems ſcarce to con- 
rain any naturally in it; for no Sulphur riſes from its matrix when urged by fine 
but an acid liquor like the acid of Vitriol. ; 
This foſſil matter however, if it is firſt prepared by Art, will afterwards 
by the aſſiſtance of fire afford a true Sulphur. 5 
And this is effected by keeping the Pyrites for a conſiderable time in a ſtrong 
fire; where it ſoftens, calcines, cleaves aſunder, and diſcharges a perfect Sul- 
hur. 1 5 | 5 CR - 
: But if there is true Sulphur actually exiſting in the matrix, then it is only 
melted down in crucibles, which are placed in ſuch a ſloping manner, that the 
Sulphur as it melts may diſtill into proper receivers. 
Now the vein of the matrix both of Sulphur and Vitriol, is the ſame. 
And hence, Sulphur is artificially made too, from Oil of Vitriol, Alum, 


Common. 


Sulphur therefore has not improperly been called by the Artiſts, reſin of earth. 
When it has been purified by repeated fuſions, from what riſes to the top, 
\ or ſubſides to the bottom, it is poured into cylindrical wooden moulds, and 
is then the common Sulphur of the ſhops ; of which that of a lemon colour is 
eſteemed the beſt, 5 
Auripigmen- Orpiment, in a great many of its properties very much reſembles Sulphur 3 
tum, or Or- it is friable; fuſible; eaſily inflammable z and then becomes hurtful from its 
. diſagreable ſulphureous ſmell, not from a volatile acid; it is unactive, and in- 
nocent, and does not do that harm to the bodies of animals, as is commonly 
reported; it grows red by fuſion, and then yields a volatile matter of an emetic 
_ quality. This improperly goes by the name of yellow Arſenic | 
This native Orpiment melted in a cloſe veſſel is converted into a brittle 
maſs, eaſily reducible to powder; of a beautiful bright colour, like that of 
red Lead ; not very acrid ; nor of a very poiſonous quality ; and yet both the 
ancients and moderns have called it Realgar, red Arſenic, and Sandarach ; 
and by this confuſion of names have given occaſion to ſome errors, that have 
happened in the Art. | 5 
white ar. As for the white, chryſtalline, pulverizable Arſenic, which is ſuch a ſtrong 
| fenicof the polſon, it is an artificial production of the moderns, not having been known 
moderas above two hundred years; and it is made in the preparation of Smalt from 
Cobalt, Flints, and a fixed Alcali: for whilſt theſe materials are melting to- 
gether, the flowers that riſe in the operation are a crude white Arſenic ; which 
being afterwards put in fuſion, with a ſtrong fire, and in a cloſe veſſel, is the 
common white Arſenic of the ſhops. See Kunkel, De Arte Vitriaria, where he 
has glven a cut of the furnace made uſe of for this purpoſe. 


3 If che Arſenical Flowers of Cobalt are melted down with a tenth part of com- 3 
low Arſenic. mon Sulphur, you have then a poiſonous yellow Arſenic, which ought careful- 1 
I) to be diſtinguiſt'd from Orpiment, as it is a moſt inſuperable poiſon. 1 
But if you melt the ſame Flowers with a fifth part of Sulphur, you produce 3 

| = | 2 23 
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Theory of the ART. _ 
the poiſonous red Arſenic of the Moderns, which we muſt take care too not to 
confound with the Arſenic of the Ancients, for the reaſons already mentioned, 

Hence therefore the modern Arſenic does not ſo much reſemble Sulphur, 
but ſeems to poſſeſs a very particular quality peculiar to itſelf, and deſtructive 
to all animals: This the Ancients were not acquainted with; nor is it eaſily re- 
ducible to any Genus of known bodies: As it comes nearer, however, to Sulphur, 
than any thing elſe, it is referr'd thither, See by all means on this head, Hofm, 

e 

Thoſe pinguious ſubſtances likewiſe, which are the natural production Foil liquid 
of the Earth, ſhould be look'd upon as bodies that are near akin to Sulphur, OY 
inaſmuch, as they contribute the greateſt partꝭ towards its compoſition. Of 
this kind is Petroleum, whoſe name ſpeaks both its nature and origin: This is Petroleum, 


Oh. Phy/. Chem. 


_ expreſſed from melted Bitumen; drips down the rocks; is exceeding thin; very 
light ; of a fetid ſmell, and perfe&ly inflammable; often ſwims at the top of 


fountains, and is ſo like a diſtill'd Oil in moſt of its properties, that many per- 


ſons will have it to be prepared by a ſubterraneous Fire, This Liquid is often 
called Bitumen, tho' they differ in colour, ſmell, and tranſparency. 


Napihtha very much reſembles Petroleum, but is more diluted, thinner, and Napththa, | 


brighter; it is vaſtly inflammable ; continues burning a long time, when it is 


once ſet on fire; nor can it be eaſily extinguiſh'd : It is the Floſs, or moſt pure 
and ſubtil part of Bitumen. 

The Bitumen of the Latins, and Aſphallum of the Greeks, is thicker than Napth- Bitumen. 
tha, and Petroleum; very tenacious ; but in its firſt form nevertheleſs, ſome- 
what fluid; ſo long as it remains in its natural ſtate, it generally ſwims upon 
Water; it burns exceedingly furious. | 

T his however being concocted, and dried by the heat of the Sun or Fire, or Jews Puck 
even by time itſelf, grows harder than Pitch; ſhining ; ponderous; melts 
again in the Fire; will mix with any thing oily; is inflammable z and is then 
called, Pix Judæa or Bitumen Judaicum. e 

Piſſaphaltum, as its name indicates, is of a middle nature, between Pitch and pinphat- 


Bitumen; black; earthy 3 fetid, and ſeems only in degree to differ from the tum. 
former: And poſſibly it may be, either an artificial, or natural production, 


from a mixture of various fat ſubſtances with melted Bitumen. 

This, when it is brought by nature to ſuch perfection, as to become black; 7... 
hard; earthy ; capable of being cleft 3 ſmooth; fetid, and ſhining 3 it then 
ſeems to form the Jet-ſtone, or the Lapis Thracius of Nicander. | | 

And again, if the pinguious parts of Bitumen happen. to be mix'd and con- |; trax 

creted with a rocky Glebe, or perhaps the Scoriæ of Metals, and forms a hard 
Maſs ; diſpoſed in flakes or lamina ; black; fat; cleavable, and inflammable ; 

it then ſeems to produce the Lithanthrax, or foſſil Coal, which mult alſo be re- 


ferr'd hither, 


Ambarum, Cargbe, Succinum, Electorrum, Amber, belongs likewiſe to this Amber. 
claſs, which ſeems to owe its origin to a bituminous Sulphur 3 it both burns 
and melts in the Fire; it conſiſts of an acid Salt, both ſolid and fluid, and a 
foſſil Oil, which very much reſembles Petroleum : Of this there are different 
forts, as the white, lemon-coloured, yellow, black, and red. | 
The Oleum Terræ of the Indies, deſcribed by Neubovius, is ſeldom brought to ollof Earth. 

us, being ſecured by the Princes in Aa; whether therefore this is a ſpecies of 
Petroleum, or Napbiba, I can't pretend to determine. 1 As 


þ 


* 
DE OI 
4c 


— 
2 « — 1 
— 3 + fog * 
- 


&* 
17 
* 
7 
3 
3 
* 
* 
\ 
PF: 
FL 
WS. 
* 
We 
1 it 
1 £ A 
2 x 
01 
} +3 
$5 
5 b 
BY 
obs 4 
it 
Y 
i * 
. 
* 
17 
7 418 
14 
+ © 8 
4%" 
- "RES 
p iy MP 
8] * 
R 


n N 
r 
rr 
— — ao — 
* 
— 
»- 


32 


Stone. 


Gems. 


Elements of CHEMISTR, Part II. 


As for the common Oil which comes from the Indies under that name, I 
am inform'd, by a Gentleman perfectly acquainted with the affair, that it is no- 
thing elſe but an expreſſed Oil from the Caco- nut, mix'd up with ſome medi- 


cated Earths, and therefore belongs entirely to the claſs of Vegetables. Is not 
what goes by the name of Barbadoes Oil, prepared too in the ſame manner? 


5 Of STONES. | 

A Stone is a hard Foſſil; not ductile; brittle; fixed in the Fire; ſcarcely 

fuſible by any Fire; nor diſſoluble in Water. 5 5 
By which marks it is perfectly diſtinguiſhed from Metal, Salt, and Sulphur. 
Stones may conveniently enough be divided into pellucid; ſemi- pellucid; 
and opaxe. 723 e 2 77 
Pellueid Stones may not improperly be called Gems, and ſo reduced to a 
Genus under that name. 
Theſe, in all their properties, approach very near to Glaſs ; tho? they ex- 
.ceed it in hardneſs, ſolidity, ſichplicity, and very difficult fuſion in the Fire, 
and ſeem to conſiſt of a moſt perfect fine Salt and Earth, intimately united 


together; as we ſee Aſhes, which have a Salt in them, when melted in the 


Fire, run into Glas. 


A tranſparent Gem, without the leaſt mixture of colour, as nearly as poſſible : 


.reſembles Glaſs. | 


The white, bright, pure Chryſtal, that cuts Glaſs, is ſcarcely fuſible in the 
Fire, is much like Glaſs, and is form'd by a certain particular concourſe and 
application of Radii and Strata, ſeems to claim the firſt place in this claſs. 


The true Diamond, is an exceeding pure Gem; vaſtly hard; remarkably ſo- 


lid; perfectly tranſparent ; very refulgent; of great value; coming neareſt to 


the Chryſtal which (perhaps of all Gems is the moſt perfect) and excelling 


every other body in its particular reflection of the rays of light. This will con- 
tinue a very conſiderable time in a ſtrong Fire, without being deſtroy'd. 

The moſt pure of the Baſtard-Diamonds, have ſomewhat of the nature of the 
true ones; but are ſofter ; leſs ſolid, and leſs pellucid. 

The white Saphir, is akin to the Diamond. 

As likewiſe, the Oriental Amethiſt, when it is either naturally or artificially 
colourleſs. 


(The Topaz too, and Chryſolite, when perfectly free from colour, are near- 
ly of the nature of Diamonds. | 


The true Aſtroiies, which by a certain law reflects the ſolar rays from 
one common point, belongs likewiſe to the claſs of Pellucids. | 
The exceeding hardneſs, ſolidity, and perfect tranſparency of theſe Gems, 
make them vaſtly eſteem'd. . | 
Gems that are pellucid, but inrich'd too with ſome beautiful colour, ſeem to 
conſiſt of the ſame matter with the former, but to have receiv'd likewiſe in 


their firſt formation, a tinge from ſome metalline in particular, or other fix*'& 


foſſil mixture, which by this means becomes intimately united with them: 


This the reſemblance of their- colours to the tinctures of Metals, and the arti- 
ficial manner of making them, ſufficiently evinces. To this claſs are referr d 


chiefly, 5 
The Amethiſt, Beryl, Carbuncle, Chryſolite, Granate, Jacinth, Opal, Ru- 
| | — 9 | — by, 
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' Theory of the ART. 
by, Saphire, Emerald, and Topaz : Nor fhould, I think, the colour'd Chryſ- 
tals be left out. + an 

; The exceeding great value of theſe too ariſes from their vaſt hardneſs, re- 


markable ſolidity, pure ſimplicity, and beautiful brightneſs of colour. 
There is another ſort likewiſe of a middle nature, betwixt Gems and opake 


Stones, which may therefore be called the Semi-opake, and ſeem of a more 
compound nature than the former: The chief of theſe are the following, which 


differ in degree of opacity. 


Agat. Sand. One ſort of the Aftroites. The true Lapis Armenius. The Toad- 
ſtone. The Cornelian. The Chalcedony. The Heliotropium, or true oriental 


Jaſper. Jaſper. The true Lapis Lazuli. The Lapis Nephriticus. The Leucoph- 


thalmus. The Malachites, The Onyx. The Sardius. The Sardonyx. The 
Selinites, and the Turquoiſe. 12 


Theſe too, are eſteemed in proportion to their ſolidity, hardneſs, tranſparen- 
cy, and the beauty of their colours. . 


The opake Stones are the Eagle-ſtone. Alabaſter. The Amiantbus. The Be- 


lemnites. Gypſum. The Hematites. Jaſper. The Lapis Judaicus. The Touch- 


| ſtone. The Load - ſtone. White, Grey, Yellow, Brown, Black, Porphyrian, 
Red, and Green Marble. The Ophites. The Oſteocolla, Pumice-ſtone, Lime- 


ſtone, Whet-ſtone, Mill-ſtone. Flint. The Specularis, Emeril, Talc, and 
Tripoli. 


Theſe laſt are of very different natures ; ſome of them vitrifying in the Fire, | 


and others turning into an exceeding fix'd calx. 


Laſt of all come the foſſil, native Earths, which for the moſt part are of a Eats. 


pinguious nature, and may with Water be work'd into a paſte, whence the 

are commonly called Boles ; but are not diſſoluble, either in Water, or Fire. 
Theſe are, Clay. The Axungia Terre, or Lune. The Cimolia. Fuller's-earth. 
The White Bole. The Armenian, Chian, Eirerian, Lemnian, Yellow, Mal- 


tan, Red. Ruddle. The Samian. The Selinuſian. All the ſeald Earths, and 


the Tocavienſis. 


0 are ſome likewiſe of a poorer ſort; as White Chalk. Marl, and 
chre. „ 1 mie 


Of SRMIME TAL. s. 


The ſeventh claſs of Foſſils, comprehends thoſe bodies, which evidently 


contain ſome true Metal in them; or at leaſt ſomething ſo like it, that it 
may almoſt be look'd upon as Metal, and indeed, has been rank'd under 
that denomination by very good Authors. Theſe, if they are of the more ſim- 
ple ſort, may properly enough be reduced to three ſpecies. 
1. Semi-Metals, that conſiſt of a true Metal, and a Salt, united together. 
And theſe are generally called Alramenta Sutoria, Calcantha, Vitriols. 
Theſe now are obſerv'd to be of two ſorts; one which owes its origin to Iron, 
and 1s of a green colour; the other produced from Copper, of a beautiful blue. 


As for the other Metals, they are ſcarce ever found in the Mines, in a ſtate of 


ſolution; their diffolving Menſtrua, the Acids of Nitre, and Spitit of Sea 
Salt, being never diſcovered there: And hence, you will hardly ever meet 


with the ſolutions of Gold, Silver, Mercury, Lead, or Tin, either fluid or 


; Concreted ; at leaſt in but a very ſmall quantity. N 
: 1 e Lead, 


Wo. 
34 Elements of CHEMIST RAV, Part II. 

Lead, it is true, may be diſſolv'd by a weak Acid; but then the chemical 
Art informs us, how very difficult it is, to reduce it into Chryſtals, as it preſently 
gets rid of its acid, and turns into a powder, which goes by the name of Ceruſs: 
And this is likewiſe true of Tin. | 
Every foſſil Vitriol therefore that has hitherto been dug out of the Earth, 

owes its origin ſolely to Iron and Copper. | 
We don't deny, however, but that it is poſſible, that ſome particles of other 
Metals may be mix'd with Vitriol in a ſtate of fluidity, and by this means be- 
come concreted with it; but that any other than Iron and Copper, has ever 
been actually diſſolv'd by it, and ſo, equably and intimately united withyt, wants 
hitherto confirmation. | EET . 
This diſſolvent, both of Iron and Copper, is that Acid, which when drawn 
off by a very ſtrong Fire, goes by the name of the Spirit, or Oil of Vitriol; 
and is the very ſame that is ſeparated by art from Alum, or collected from 

the fumes of burning Sulphur. | „ 

And indeed, both Vitriol and Sulphur, are generated, grow, and are pro- 
cured from the ſame Matrix, viz. the Pyrites; which after it is dug, is expo- 
ſed to the Air, freed from its great quantity of Sulphur, reduc'd to Powder, 


diſſolv'd in Water, and then ſuffer'd to form its Chryſtals about Sticks that 
are plac'd in it for that purpoſe. | 


/ 


It may readily likewiſe be produc'd from the y of the Ancients, by 
ſimple Solution, and Chryſtallization. 


* 2 - 


Hence therefore Vitriol is of five ſorts. 1. The green; which owes its origin 
intirely to Iron, and Spirit of Sulphur : This is extoll'd for its medicinal ver- 
Tues, and is the beſt for making Ink, 2. The bluiſh, which conſiſts of a. 

great deal of Iron, and a little Copper, diſſolv'd by Spirit of Sulphur ; for if 
you make a ſolution of it with Water, and then immerye plates of Iron into it, 
you will find them ting'd of a Copper colour; which makes it evident, that it 
contains a ſmall mixture of that Metal. 3. The white, which ſeems to be 
very little different from the green, and poſſibly owes its particular nature, 
only to a greater degree of Heat, as we ſee in the factitious; for in every reſ- 
pect but its colour, it perfectly reſembles it. 4. The Chalcites, true Calcan- 
thum, or red Vitriol ; and this too is exceedingly like the green, and may be 
reſolv'd into the ſame principles; it ſeems compounded chiefly of Iron, and an 
acid of Sulphur, with, perhaps, a little mixture of Copper. 5. The Cyprian, or 
Hungarian, which is perfectly blue, and conſiſts purely of Copper, and the 
fame Acid of Sulphur. The Sory too, which is an exceeding acrid, hard, 
coarſe, fat glebe, ſeems to be nothing but a grey or black concreted Juice of 
Vitriol; and hence will produce a Vitriol, by the help of Water alone. 

The Melenteria alſo, which is a grey, or black glebe, of a cauſtic quality, 

is of the ſame vein, nature, and family. | | , 
Theſe all therefore, for their Baſis, have Iron or Copper; for their diſſol- 
ving Menſtruum, an acid of Sulphur ; whilſt Water, which dilutes the acid, 
and diſpoſes in a proper manner the particles of the Metal, gives them their 
figure and tranſparency : And hence, according to the different proportion 
of theſe three Is a may all the variety of them, deliver*d by the Anci- 
ents, be underſtocd. : WT | 

As The native Vitriols therefore conſiſt of Water; an acid Spirit of Sulphur; 
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and the Metals, Iron and Copper, mix'd in a certain proportion, and concre- 


red into one maſs. | 
2. Other Semi-metals are compounded of Sulphur and Metal, intimately Sulphureous 
united together: Of theſe the following are the chief. Semi-me- 


tals. 


Native Cinnabar, or the Minium of the Ancients, which is a compoſition of Cinnabar. 


Sulph r and Mercury, fuſed and brought into union in the Mines, by ſome 


ſubterraneous Fire: This the artificial Cinnabar is a proof of. It is eaſily re- 
ſolvable into true Sulphur and Mercury; from whence it appears, that there is 
in reality abundance of Sulphur in the Mines, which owes its production intire- 
ly to nature. 5 
The Sbibium of the Ancients, the 5{uw of the Greeks, and Antimony of the 
Moderns, conſiſts of a true foſſil Sulphur, and another matter exceeding] 
reſembling Metal ; which, could it be render'd malleable, would be truly of a 
metalline nature, and be a ſeventh ductile Metal: But it is univerſally acknow- 
ledged, that this manner of purifying Antimony, has not. yet been diſcover'd. 
Mr. Boyle however, aſſerts, that by ſome ſecret methods, true fluid Mercury 


Antimony. 


has been produc'd from it: And indeed, every modern dabler in the Art pretends 


to it. It is fuſible in the Fire, and makes other Foſſils melt with a great deal 
more eaſe than they would without it. | | ET | 
Being brittle too itſelf, if it is mix'd with bodies that were ductile before, it 
will render them brittle. | OE 5 2 

And again, if it is put among bodies that are fix'd in the Fire, by its vo- 
latile Diſpoſition, it will make them volatile alſo; ſcarce any one being 
perfectly excepted. = | 

It very much too increaſes the brightneſs and beauty of Gold. 

And laſtly, in its nature it ſeems nearly to approach to white Arſenic. 

Biſmutbum, Biſemutum, Biſmuth, is akin to Antimony, and conſiſts offami- Bimuth, 
na, or flakes diſpoſed one upon another; in its white, bright colour, it reſem- _ 
bles Silver; it is harder, and leſs friable than the former; nor ductile under 
the hammer; has evident marks of Sulphur in it; and by the action of an acid 
upon it, lets fall a bituminous matter; it is leſs fixed in the Fire than Metals; 
and being mix*d with them, renders them more volatile and friable. 

Zinetum, Zincq is very much like the former, but leſs friable. Zincq, 

3. To this claſs of Semi-metals, may be referr'd all foſſil, chryſtalline, ſto- 
ny, or earthy bodies, which have a mixture of true Metal in their compoſiti- 
on; of which ſort ſome are found interſperſed thro? the veins of moſt Metals. 

This claſs therefore will include a very large number of bodies, out of 
which we ſhall only take notice of the following, which are the moſt remarkable. 

The Lapis Armenus, Cyaneus, Lazulus, which is a ſmooth blue Stone, ſpan- Zapic Le- 
gled with golden ſtars, and is ſaid to contain a great deal of Gold. a 
The Lapis Hæmatiles, which abounds with a metalline ſubſtance ; is exceed- Lapis He- 
ingly like Iron; and ſublimed with Sal- Ammoniac, ſmells very ſtrong of an aro-“ 


matic Sulphur, for which reaſon ſome perſons have called it Aroph, or Aroma 


Philoſophorum. 


The Loadſtone, which has a particular tendency towards Iron, is almoſt of Tie Mes- 
the ſame colour, and very much of the ſame nature. | 


Ochre too, perhaps, may come into this tribe, as it appears to be a precipi- 9% 
tation of Iron from chalybeate Waters. AE 
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A Plant in 
general. 


The Root. 


Elements of CunMisTay, Part II. 


From what has been ſaid then upon this head, we may be able to form a juſt 
notion of the principles of Foſſils; for upon examination it appears, that they 
may be reduc'd chigfly to Mercury, Metallic Sulphurs, Salt, Combuſtible Sul- 
phurs, Earth, and Stones; tho' it muſt be confeſs'd, that theſe are vaſtly dif- 


ferent, if they come to be nicely examined in particular Foſſils. We learn 


farther too, that they contain an acid Salt in them, which is exceedingly ac- 
tive; beſides which, they are acted upon by no other moving power, but Fire. 


Of VEGETABLES. | 


The next kind of bodies that come under the conſideration of Chemiſtry, 
are Vegetables, or as they are commonly called, Plants. 

By a Plant now we mean-a Hydraulic body, which contains different ſorts 
of juices, in various veſſels, and by ſome external part of it, fo adheres to 
another body, that through this part it is capable of drawing in the matter, both 
of its growth and nouriſhment. 


By this definition then, we evidently fee the difference between a Plant, and 
the foſſil ſubſtances afore deſcribed s and that whether you conſider the varie- 


ty of its ſolid parts; the different nature of its juices 3 or its whole compoſiti- 
on together, as made up, both of ſolids, and-fluids. | 


| * , 
And again, the external part called the Root, which attracts its nouriſh- 
ment from the body to which it is join'd, ſufficiently diſtinguiſhes it from 
every Animal we are hitherto acquainted with. "48 

The ſolid parts of Vegetables are a mere Earth, fo faſtly united together by 
a tenacious, oily, glutinous matter, that they cannot be ſeparated from one ano- 


ther, without the aſſiſtance of an open, flaming Fire. 


The veſſels of Plants, as they are exceedingly different in their make and po- 
ſitiong, ſo they are alſo in their contents and vertues. 


The buſineſs of the Root, is to faſten the Plant to its ſoil, or (in which 


ſenſe only we have here to conſider it) to take in its nouriſhment z- and hence 
ſometimes, its whole furface is obſerved to perform this office; as we ſee evi- 
dently in the Muſhroom and Puff. 7 ME To | 
For this purpoſe therefore, it conſiſts of an infinite number of apertures of 
veſſels difperſed through irs whole ſurface, by which the nutritious juice is 


ſuck'd in, and fo receiv'd into its veſſels, and by theſe convey'd through every 


part of the Plant. Theſe veſſels may not improperly be compared to the Me- 
fenteric Lacteals, and other abſorbent veins in Animals. . 


This juice, however, at its firſt reception into Plants, is not of the ſame na- 


ture with the Plants themſelves, but crude, and of the nature of the bodies, 
by which they are ſuſtain'd and nouriſhed, Theſe now in general, ſeem to be 


either Earth or Water ; which upon examination we ſhall find, receive again, 


ſooner or later, the very ſame matter which the Plants had before drawn from 


them: For whether they are produc'd in the Waters, or on the Earth, when 


they come to die, they drop again into the ſame Waters, or Earth; or elſe are 


diſperſed into the Air, whence, in form of Dew, Miſt, Snow, Hail, Hoar- 


trolt, and Rain, they deſcend again into. the boſom of the Earth. Hence 


then it appears, that the Earth is a Chaos, of paſt, preſent, and future bodies, 
from which all receive their birth, and to which all do certainly return again. 


The Water, Spirits, Oils, Salts, and whatever lies hid in the bowels of the 
| | 85 Earth, 


4 


1 

2 

3 

; 
. 
; 

* 

— 


Theory of the A R T. 


Earth, are put into motion, by ſubterraneous, artificial, and celeſtial Fire; by 
which means they are rendered capable of being mixed with Water, and con- 
ſequently of being applied to the roots of Vegetables, that are inſerted into the 
Earth. FT | | „„ 
The Water again, of the Sea, Rivers, and Lakes, receives, as the Earth does, 
the bodies that float about in the Air; and contains beſides a variety of other 
Z matter, which it waſhes off from the Earth. e e 
I *Theſe crude Juices circulate through Vegetables in the greateſt quantity, 
and with the ſwifteſt motion in the Spring-ſeaſon, and are then particularly ob- 
ſerved to be watery, thin, and inclining to the acid ; as the liquor, that upon 
inciſion diſtils from the Birch, Walnut-tree, or Vine in the month of March 
demonſtrates. „ dens 
Afterwards however, as they are propelled through the various organs of the 
Plant, from the make of the Plant itſelf, from the effects they have impreſſed 
upon them by the Fire in the Earth and Heavens, from the changes of Moi- 
ſture, Drought, Cold, an Heat, and laſtly from the viciſſitude of day and 
Z night, and the various ſeaſons of the year, they are by degrees concocted, and 
„ made more perfect, and in particular parts of the Plant putting on different 
> natures, become the proper Juices of the Plant. — 
The Leaves from the make, number, and fineneſs of their veſſels, receive The Lease. 
the moſt ſubtil of the Juices, and in a very large Surface expoſe them almoſt 
naked to the Air, which various cauſes renders very active; here therefore they 
undergo very great alterations, and being perfected according to their particular 
natures are returned back again to the Plant; the Leaves performing the ſame 
office in Vegetables, as the lungs do in Animals, as we learn from the elegant Ob- 
ſervations of Malpight ks 
The Juices that properly belong to the Leaves themſelves, are the honey 5 * 
Dew that is ſpread over them in ſummer nights, a wax that oozes out of them, . 
Manna, and the Tbbereniabin of the Arabians, which being put into motion and 
concocted by the heat of the Sun, are condenſed by the Cold of the ſucceed- 
ing night, and ſo may be gathered from their Surface. 
Afterwards the Cups, Peala, or Leaves, Stamina, and Apices of the Flowers, The flowers: 
bring the Juices thus prepared by the Leaves to greater perfection, and im- 
preſs upon them, more certainly, that diſtinguiſhing character, which is pecu- 
liar to the Plant; as well as fit them for producing, preſerving, and nouriſhing 
a new Embryo: this certainly, the affinity between the Leaves and Flowers, 5 
3 their near ſituation, the origin of the Buds, and the make of the Flowers, induce 
is to believe. „ | 3 
Heere is generated that fragrant, reviving, almoſt vital Aura, that Flowers : „ 3 
in their perfection ſo delightfully breath forth; which, probably, by its prolific 
odour may be grateful to the Embryo: this is certain, that it is a very pure, ma 
and moſt excellent liquor, and if it is mixed with any thing elſe, loſes it for- W; 8 
mer beauty and excellence. | | | . 
4 In the Flowers too is produced true honey, which oozees out into recep- 
3 tacles that provident nature has joined to the bottoms of the Leaves: this the 
Hees ſuck up, convey into their little bags, diſtil into their combs, and then 


fecure with wax. | | 
On the Apices of the Stamina, and on the petala there is obſerved likewite 2 
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wax, which the Bees ſcrape off with their rough feet, roll up into balls, diſ- 
oſe under the hinder part of their bodies, and ſo carry to their hives, in order 
to form and cloſe up their combs. 


The fruit, is the repoſitory of the Seed, and its contents. The Seed, is the 


Embryo of the Plant, with” a uterine placenta, or one, two, or more Cotyle- 


dons, to which the Embryo is faſtened by an umbilical cord. The Coty- 


ledons for the moſt part abound with a Balſam diſpoſed in proper cells; and 


this ſeems to be Oil brought to its greateſt perfection whilſt it remains humid, 
and then lodged in theſe repoſitories. One part of the compoſition of this 
Balſam is oily, and tenacious, and ſerves to defend the Embryo from any ex- 
traneous moiſture, and by its viſcidity, to entangle and retain that fine, pure, 
volatile ſpirit, which is the ultimate production of the Plant: This the Al- 


chemiſts have ſtiled, the Syiritus Rector, the inhabitant of Sulphur, the Archeus, | 


and the ſervant of nature. 


This Oil is never obſerved to enter into the veſſels of the Embryo, which 


are too fine to admit ſo thick a fluid. The ſpirit however being quickened by 
an active power may poſſibly breath a vital principle into the Juices that 
nouriſh the Embryo, and ſtamp upon it the character that diſtinguiſhes the 
family; after which, every thing 1s, changed into the proper nature of that 
particular plant. That this ſpirit now, is truly the efficacious part, 1s evident, 
for when that is gone off, the Oil that remains is quite vapid and unactive. 
*Tis this that gives Plants their fragrant ſmell, and peculiar taſtes; nor do 
their particular colours a little depend upon it. This Spirit IJ aac Hollandus called 
the Quinta Eſſentia, or quinteſcence of Plants. 3 | 
Again, as the dry, brittle, fibres of Vegetables, require ſomething to ſoften 
them, that they may bend eaſily without danger of breaking, they are provid- 
ed with another ſort of Oil running in its proper veſſels by the ſides of the 
woody Filaments ; this may be diſcerned to drop from the middle of the wood, 


when it is heated, and by warmth, or length of time, is eaſily changed into a 


Balſam, and Reſin. 

This Oil, which is much leſs volatile than the other Juices, being concocted 
by the heat of Summer, is carried into the Bark, which like the Membrana 
adipoſa of Animals is furniſhed with proper cells for its reception; in theſe re- 


ceptacles it is firſt detained, and collected by the Cold of Autumn, that by thus 


forming a pinguious covering, it may ſecure the whole body .of the Vegetable, 
from the injuries of Froſt and Rain during the Winter Seaſon. This always 
contains in it an acid ſpirit; which is a preſervative againſt putrefaction. In 


this Oil of the Bark conſiſts intirely the value of ſome of the Aſiatic and In- 
dian Plants; as we ſee in the Cinnamon of Aſia, in the Bark of whole trunk and. 


branches reſides that choice Oil, which is ſo vaſtly valuable; whilſt the Bark 


of the root affords us that wonderfully medicinal Oil, called falſly from its 


imell, Oil of Camphire, The Saſſafras too of America, trom its Bark yields 
us a very beautiful Oil; as in this part lies the vertue of that noble Febrifuge 
the Quinquina of the ſame country. Nay and the vertues of the European me- 
dicinal Vegetables likewiſe are very often to be ſought for in the Bark; wit- 
neſs, the Ca per- tree, the Tamariſk, and the Aſh. In the winter time therefore, the 
Bark contains a large quantity of cheſe Oils; whereas in the Spring, and Sum- 
mer, the other Juices, which abound with a Water, Salt, and Sabo, proper to 
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XZ the whole Plant, paſs through it in great abundance likewiſe 3 and hence at 

thoſe times what it yields by a chemical Analyſis, 1s very different from 
what is procured from it at others. The true Oil that belongs properly to the 
Bark, in its natural ſtate is liquid, though by time and the heat of the Sun it 
will alter its conſiſtence, and thicken into a Balſam. This again by longer 
time and a greater degree of Heat, being yet more inſpiſſated, becomes a pin- 
guious ſort of a Reſin ;' and by a continuation or increaſe of the ſame cauſes, 
acquires both the name, and nature of a Reſin: This therefore owes its origin 
to the Oil, but is freed in a greater degree from its acid ſpirit; and it then melts, 
and burns all away in the Fire, may eaſily be diſſolved and mixed with Oil, 
never ſuffers any ſolution from Water, hardens in the cold, and then loſes its 
oily tenacity, and grows brittle, This Reſin being yet further concocted, 

grows ſtill harder, and then it is called Colophony. In this part of Vegetables, 

there is obſerved too, a thick tenacious Juice, which goes by the name of a 

Gum; this likewiſe will melt and conſume in the fire, but in the cold, except 
it be extreme, retains its tenacity, and is intirely diſſoluble in water, This 
oily Mucilage ſerves like a Pigment to cover over and defend the Buds of Trees, 
put will melt with a moiſt warmth, and eaſily runs from them, nor is ever ſo 
far hardened into a cruſt as to do any injury to the tender twigs. 

About the bark of Plants, eſpecially the umbelliferous kind, there is found : 
ſtill another Juice, which is a mixture of a Gum, and Reſin, and therefore 
called a Gum-reſin. Hence one part of it like a Gum eaſily melts in water; 
whilſt the other is not at all affected by it, but in the manner of a Reſin is rea- 
dily diſſolved and mixed with Oil: Of this ſort are Aloes, Myrrh, Galbanum 
and a great many others. : 2 
And laſtly every Plant contains in it a particular and peculiar Juice, which The proper 
is produced by the whole efficacy of every part of the Plant ſucceſſively ap- os 
plied to the crude Juices it is continually receiving. This therefore, when it is 
= thus prepared, poſſeſſes the true nature and vertues of the Plant. This Juice 
aan ſcarcely be reduced to any claſs of things yet known, and therefore muſt 
be looked upon as ſomething perfectly ſingular. 

If you examine the Leaf of the Chelidonium Majus in a live, flouriſhing Plant, 
you may obſerve a parcel of Fibres ariſing from the Stalk, which unfold, and 
diſperſe themſelves all over the Leaf. You may perceive too that theſe are 
every where ſending off branches, which joining with one another compoſe a 
curious kind of net work, which almoſt fills up the whole Area of the Leaf. 

= If you gently now prick any one of theſe little ramifications, there preſently iſſues 

= outa Juice of a golden colour, which has the true vertues of the Chelidonium. 
I.!n the ſame manner in the Spring you may procure from the common Aloe, a 
| = yellow, bitter Juice, which circulates through the Plant, in its proper veſſels. 
The Poppy too upon making an inciſion diſtils a pure milky Opium. But 
here it is proper to oblerve, that theſe Juices, whiltt thus ſimple, and ſeparate, 
are vaſtly different from the mixture that ariſes from the confuſion of all the 
Fuices of the Plant together. 5 | | 
This then, Gentlemen, is what I thought proper to lay before you of the Hi- 
ſtory of Plants, before I proceed to explain to you the methods in which they 
are managed by the chemical Art; nor do l ſee that more 1s neceſſary. For 
hence you may fee how vain the endeavours of thoſe Chemiſts muſt appear, "ao 
| — 
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pretend by their Art to be able to exhibit to you thoſe parts of Vegetables in which 
their particular vertues conſiſt, without a mixture of any of the other parts with 
them. If they would do this, they muſt certainly make uſe of very different 
methods from what they do at preſent, or elſe they will take a great deal of pains to 


no valuable purpoſe ; but on the contrary will lead us into miſtakes. And indeed, 


with ſubmiſſion to ſome famous Authors, I muſt take the liberty to declare, 


That Diſtillation, Fermentation, Putrefaction, and Combuſtion, produce ſuch 
conſiderable alterations, in the particular craſis or conſtitution of Plants, and 


conſequently in che medicinal vertues which depend upon it, that we ought to 


uſe a See deal of caution, and circumſpection, before we can pretend, from 


theſe Operations, to determine the true cauſes of thoſe vertues: Not that on 


this account this noble Science ought by any means to be neglected ; Nay, for f 


this very reaſon it ſhould be more vigorouſly cultivated: For by this Art 
alone we are inſtructed, what ſuch, and ſuch particular Operations are capable 
of producing from any given bodies; and this alone corrects the error of 
thoſe who practiſe it: Theſe two advantages therefore, ſufficiently recommend 
itz and by theſe alone it is capable of leading us to an infinite number of 
beautiful Diſcoveries. | _ en | 7 

The Spiritus Rector; an exceeding fine Oil which is the true ſeat of this 
ſpirit 3 an acid Salt; a neutral Salt; a fixt, or volatile, alcaline Salt; an Oil 
mixt with a Salt in form of a Sapo ; and a ſaponaceous Juice ariſing hence; an 
Oil which is moſt firmly united to an Earth, nor is eaſily ſeparable from it; 
and laſtly a pure ſimple Earth, which is the firm Baſis of them all; are thoſe 
principles, which Chemiſtry applied in a proper manner, has really diſcovered 
and produced from Vegetables, 8 


Of Ax IMAISò. 


Ok Animals The third claſs of bodies, that have engaged the labours of the Chemiſts, 


are Animals, called the Animal Kingdom: But as of theſe the corporeal part 
only, has come under their conſideration; hence when we ſpeak of Animals, 
we mean only their bodies, and the parts of them, negleCting intirely their 
other principle, which is a ſubject of a very different inquiry. In this ſenſe 
then, an Animal is defined a hydraulic body, which ſubſiſts by a conſtant and 
determin'd motion of humours through its veſſels, and which contains within 


itſelf certain veſſels, like the roots of Vegetables, by which it draws in that 


nytriment, which ſupports its being, and increaſes its magnitude. 

Now the veſſels, which thus perform the office of roots, are obſerv'd in al- 
moſt every kind of Animal, and that chiefly in the ſmall guts, going by the 
name of the lacteal and meſenteric veins. The food, and drink which Animals 
take in, being-applied to the mouths of theſe abſorbent veſſels, is the matter 


by which they ſubſiſt, and is the ſame to them, that the Earth is to Vegeta- 


bles; and the concave /uperficies of the mouth, .2/opbagus, ſtomach, and ſmall 
guts, which is in the inſide of all Animals, are the parts to which the nourifh- 
ment is apply'd, and through which they receive it. Hence then it appears, 
that Vegetables ſuck in their nutritious juices by external roots, Animals by in- 
ternal; and that the Earth, which is the ſupport of Vegetables, is always 
without them, whilſt Animals receive their nouriſhment conſtantly from with- 
in. And this obſervation holds true, even in that kind of Animals, which na- 


turally 


. * 
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turally grow, and are-ſtrongly join'd to ſome other body, as is evident in the 
Limpins, Oyſters, and other Zoophyta, whoſe ſhells adhering to rocks, or picces 
of wood, contain an Animal firmly faſten'd to them by a very tenacious li- 


gament : For theſe very ſhells, ſo long as the Animal lives, receive from this 


incloſed body, by certain veſſels deſtin'd intirely to this office, their nouriſh- 
ment, ſupport, and increaſe, whilſt the Animal itſelf takes its food in at its 
mouth, and conveys it into its inteſtines, in the ſame manner as all others do, 
that are at liberty to move about from one place to another. 


But farther, even the Fetus of oviparous Animals, which reſide, and are 


confin'd in their ſhell, till cheriſh*d by a pregnant warmth, and nouriſh'd by 
their own white, being ſtil] planted as it were in their yolk, they grow to maturi- 
ty enough to break their ſhell, get out of their priſon, and ſhift for themſelves : 
Nay and laſtly, thoſe, whoſe eggs are lodg'd within the Uterus of the mother, 
to which they grow as it were by means of cotyledons, or a placenta, and um- 
bilical cord, and are thus cheriſhed and ſupported : I ſay, both theſe, tho? in re- 


gard of their Cotyledons, Placenta, yolk, umbilical cord, and omphalo-hepa- 


tic veſſels, they then very much reſemble a Plant; yet during the very ſame 
time, they take in at their mouths the liquor contain'd in the Amnion, convey 
it into their inteſtines, and by this means are nouriſhed in the manner of other 
Animals. | -” | 

Hence then, as we ſee evidently, that there is a great analogy betwixt 
Plants and Animals; ſo we perceive likewiſe, that there are ſome circumſtan- 
ces, wherein they evidently differ. 5 

But farther, as we obſerve among Vegetables, that ſome are fix'd in the 
Earth, others fluctuate about in the Water, and a third ſort grow in both; 
in like manner we learn from the Zoographers, that there are ſome Animals 
that live on the Land, ſome in the Water, and others, that to anſwer their 
different neceſſities, are equally ſuited either to Land or Water. 

And laſtly, as Plants, by the apertures of the veſſels on their ſurface, draw 
in the humours that float about in the Air; ſo likewiſe the bodies of Animals 
are known to do the ſame. | 3 

But we ſhall yet again find a farther agreement between them, if we conſi- 
der that they are both ſupported by the fame kind of nouriſhment : For as 
Plants flouriſh and increaſe by the juices they draw out of the Earth, ſo Ani- 


mals live either upon Vegetables, or the parts of other Animals, which upon 


examination, we ſhall find to have been fed with Vegetable juices: The matter 
therefore of both is the ſame, 88 


And as the juice, which Vegetables receive from the Earth, is not of their 


* nature, but crude, at its firſt reception; in the ſame manner, the food, which 


Animals take in, and the chyle which is produced from it, does not preſently 
put on the Animal nature, but retains à conſiderable time the properties of 
thoſe bodies from whence it was derived. 

Indeed afterwards, by the ſurpriſing effect of the animal machine upon them, 
and the mixture of the juices with them that are already concocted, the crude 
ones by degrees are wonderfully chang'd, and in every part of the body: put on 
new appearances, as will be taken notice of in its proper place. It is ſufficient 
to our preſent purpoſe to obſerve, that the longer the food has been taken in- 
to the Animal, the oftener it has circulated through every part of its 8 

| 8 an 
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and the greater number of its juices it has been mix'd and incorporated with, 
the more it conſtantly recedes from its own nature, and approaches to that of 

the body into which it is received. | 

The Spiriis Among the humours of Animals there is one that is vaſtly more fubtil than 

in Animals all the reſt; and this is called the exhaling Spirit, and ſeems to- contain that 
fingular quality which is peculiar to every particular Animal, and diſtinguiſhes 
it from every other. This we learn evidently from your Hounds, who will 
ſingle out, and purſue over a great deal of ground, and through a vaſt con- 
fuſion of tracks, that particular Animal which they firſt got freſh ſcent of, 
without any regard to the Teſt of the herd. We ſee the ſame thing too in their 

following their maſters through common ways, where there is a great number 

of perſons. paſſing every minute backwards and forwards, and yet moſt certain- 
ly finding them out. Hence therefore it appears, that theſe Efluvia muſt be 
exceedingly ſubtil, and perfectly diftin& frem every thing elſe. Theſe ſeem 
to be of an oily nature, or to reſide in a moſt ſubtil vehicle, which owes its 
origin to an oil; as the analogy of things, and the reſt of their properties in- 

: duce one to believe. - : „%% EY 

Wk.) Their wa- Water conſtitutes the greateſt part of the animal fluids, as in reality it does 

bf. 25 of moſt others; and indeed, it is ſo intimately united even with their moſt 


1 
vY 


i # ſolid parts, that there are ſcarce any of them that are intirely without it; as the 
Wi | 5 


* chemical Art has long ago informed us. | | : | 
3 Thbeir Set. There is a Salt too diſcovered in them peculiar to the Animal Kingdom, be- 
1 ſides thoſe Salts which they take in with their food, which from the power of 
* the body ſuffer no alteration. : | 1. 

Bo: | Now this Salt was never obſerved to be a fix'd one, 8 1 
of Nor yet ſo volatile, as ever to exhale from the body of the hotteſt Animal, 3 
FER ſo long as it continued in a ſtate of health. FRY | 4 
1 | However, if for a good while you apply to it a degree of Heat, little great- 


, 


92 er than that of boiling Water, it will become intirely volatile. 

12 : Again, no perſon living, has ever diſcovered this Salt to be acid, unleſs 
* it happens ſo, from things of that nature, which the Animal had received from 
27.0 without into its body. 
We Nor laſtly has it ever appeared by any experiment that it is alcalious, ſo 
oY} long as the Animal is in health, nay, nor even when it is ſick; for upon a very 

pf careful examination that I made upon ſome urine, which had been retained five 


days in the body by a diſorder in the urinary paſſages, I found, that even in 
that time, it was not become of an alcaline nature. e 8 
„ The ſame, however, by putrefaction, or a greater degree of heat, will be 
8 changed into a perfect alcali; but whenever in its natural ſtate, by inſpiſſation, 
1 = and letting it ſtand undiſturbed, you can artfully reduce it into little glebes, it 
appears to be a Salt different from every one that we are yet acquainted with: 
It comes neareſt, indeed, to Sal-Ammoniac of any, but ſtill, in ſome of its pro- 
perties, it differs from that too; for Sal Ammoniac, if put in a ſtrong Fire, 


I "4 will be all raiſed without undergoing any alteration, whilſt that which is drawn I 
1 buy Fire from urine, which is the Lixivium of the animal Salts, becomes imme- 1 
1 diately and intirely alcalious. 7 * 3 
FRE 2 . | In thort, after a great many experiments made on purpoſe to determine the 2 

= S true nature of. this animal Salt, as it really exiſts in ſound bodies, and acts there : 


* 
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by its own peculiar vertue, it appears to be of a mild diſpoſition 3 poſſeſſing a 
ſaponaceous quality from an Oil that is united with it; being a kind of middle 
Salt, between a fixt and volatile one; having not the leaſt mark either of an 
Alcali, or an Acid; being eaſily, however, reſolvable into à volatile fetid Oil. 
and a volatile alcaline Salt, and hence very much diſpoſed to putrefaction. 
Nor let any one be here led into a miſtake by the fixt Salt, which is pro- 
duc'd from the aſhes of urine when burnt in the Fire; for this is nothing elſe 
put the Sea Salt, that was firſt taken into the body, which is able to bear all | 
the actions, and powers, of the animal machine, without ſuffering any alterati- : 
on in its nature. 8 5 | : „ 
And to the ſame cauſe do we owe that ſmall quantity of acid, which after 
ſo much trouble, and with ſo ſtrong a Fire we are able to extract from human 
blood; for it certainly appears to be only an acid Spirit of Sea Salt that was 
united with an Earth, and is now forced out by this exceſſive degree of Heat. 
And hence Animals, in whoſe food there is no mixture of Sea Salt, have neither 

Z this fixt Salt in their urine, nor latent acid in their blood. 

* The Oils which upon careful examination Chemiſtry has diſcovered in Ani- 

mals are of a very different nature: Some, for inſtance, are ſo ſubtil, that they'll 

bear to be mixed with Water, and: become volatile with a ſmall degree of 

beat, in which reſpect they very much reſemble the ſpirits of Vegetables, in 

their natural ſtate z but they differ vaſtly from thoſe which are produced from 
them by the help of Fermentation. Th 

There is another ſort of Oil, which contains but a very ſmall quantity of Salt 
in it, and is of an exceeding ſoft and ſmooth nature, ſerving to lubricate and ſup- 
ple the more rigid parts of the body: This in the cavities of the bones, is 
called marrow, in the Membrana adipoſa, fat; in both which it is collected, and 
reſerved for proper uſes: It is this, that helps to ſheath, and ſoften, the ſharp hu- 
mours of the animal body; and 'tis this that has ſometimes been obſerved 
ſwimming upon the top of blood. 
| Again, there has been diſcovered another Oil which differs from the former, 
being concreted with the animal Salts, and ſo rendering them of a ſaponaceous 
quality, peculiar to the animal body : This, if you ſeparate it, appears of a 
font nature from thoſe already mentioned, being more acrid, fetid, and 
volatile. - Ns TOY a; 

I There is yet a fourth kind of Oil, whoſe office is firmly- to unite together the 

9 Elements of the ſolids, but ſo, as ſtill to leave them a requiſite degree of flexi- 

1 bility. This was originally form'd, and always continues in intimate union, with . | 
theſe Elements of Earth, not ſuffering itſelf eaſily to be ſeparated from them: | 8 
This diſſolution, indeed, a ſtrong Fire will effect, as well as putrefaction pro- ö 

duced by a long continued action of the Air, Water, or Heat upon it; for 

then it becomes volatile and flies off, leaving nothing behind it but Aſhes, which 

„ eaſily moulder away. Whenever this Oil is alone, it always diſcovers itſelf by 

an intolerable noiſome ſmell. S by. | 

But of all the Oils that are diſcovered in the animal body, there is none ſo Earth of 

wonderful as that which is drawn from their inſpiſſated juices, when they are = 
expoſed for a great length of time to an exceeding ſtrong Fire, and goes by the 
name of Phoſphorus. This naturally takes fire in the Air, and burns away, 

eaving a fixed, acid, fluid behind it. | 1 | 5 

G 2 | 


: 
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Earth of In the laſt place, there is found in Animals an Earth likewiſe, which ſerves as 
Animas. a Baſis to the whole body, connects all the other particles together, and retains 
the fluids within their proper bounds. 

This now differs very little, if at all, from the pure Earth of Vegetables ; 
for whenever you ſeparate them carefully, and examine them nicely, they ap- 
pear to be perfectly alike. A plain proof of this we ſee in the docimaſtic Teſts, 

x and the little Furnaces made uſe of in aſſaying of Metals; for nothing is fit for 
We | this purpoſe, but a moſt ſimple earthy matter, that will neither melt in the Fire, 
4.8 nor run into Glaſs: But whether now you procure this from the Aſhes of burnt 
Plants or Animals, if you do but take care to ſeparate it perfectly from every 
thing elſe, it equally anſwers the end : Nor indeed in the Earth thus. procur'd, 
does there ſeem to be the leaſt difference in any of its properties. | 


Their che- Thus then I have explained to you the principles, which enter into the com- 
mica' Et poſition of the animal body; thoſe at leaſt which Art has been able to diſ- 

cover, and lay before us; nor has there. hitherto been obſerved any greater 

variety. _— 

'Tis idle, however, hence to imagine, that the- moſt accurate mixture of 

| theſe Elements together, after they have been nicely ſeparated, will ever pro- 

5 dauce the natural humours from whence they were extracted: On the contra- 
ry, the compoſition will moſt certainly be vaſtly different: For in every part 
of the animal Body, we find the humours of ſo ſingular a nature, that every 
10 one appears perfectly diſtinct from all the reſt. The particular ſeat, for inſtance, 
1 of the bitter Bile is in one place; that of the Hepatic in another; the Seed is 
. formed and perfected in its own proper organs; whilſt another part gives being 4 
1 cd the animal Spirits; the Chyle again of the Stomach, Inteſtines, Meſentery, 3 
= | © Thoracic Duc, Vena cava, Heart, Lungs, and Arteries, is different in every 
„. one of theſe parts of the Body; not to mention the Milk, Fat, Lymph, Se- 


= 


rum, Saliva, Blood, and Urine which are produced from it. 
From what has been ſaid then, it plainly appears, that there is an extraor- 
dinary agreement between the Elements of Animals, and Plants, fo that the 
: former ſeem almoſt to be made up with the matter of the latter ; and likewiſe, 
that the chief difference between them, conſiſts in the variety of their ſtructure, 
IF = and the ſwifter circulation of the aliments through the Animal. | 
? And thus much for the Objects of Chemiſtry. 
_— Adio of + Chemiſtry then is engaged in the examination of the Bodies comprehended 
1 Chemüfry. in the three Claſſes we have hitherto treated of. Now the alteration that is 
induc'd upon theſe by this Art, is owing intirely to motion: And here either 
| a new one mult be produc'd; or elſe one that was in being before, muſt be de- 
"Ip . ſtroy'd, chang'd in degree, or alter'd in directions. Theſe changes now hap- 
py. pen ſometimes to the whole Maſs, its form remaining perfectly the ſame; and Y 
=. at others, to the particular Particles alſo, of which the Body is compounded. 1 
"ns And on theſe very ſimple actions depend all the effects produc'd in the chemical Þ 
5 | Art;; which, tho? they are ſo ſimple, yet from the vaſt number, and great va- 3 
riety of the conſtituent Particles of Bodies, they preſent us with an infinite 


number of new and ſurprizing · appearances: Nor can we, upon the moſt ſtrict 


5 1 1 1 { * . . . 
..,. | inquiry, diſcover any other cauſes of theſe alterations; nor indeed, is it poſ- 
Bak. ile to conceive, how the Art of Chemiſtr 
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continue at reſt, and all the Particles of it one among another; will it not 

for ever continue the ſame without any alteration? Certainly, tho? all the 

wers of Chemiſtry ſhould be exerted upon it, yet if no motion is excited, 

either in the whole, or any of the parts, they would leave it perfectly the ſame 

as they found it: But again, let us imagine a' motion to be impreſſed upon the 

Body, ſo as to move the whole Maſs, without inducing any alteration in its 
compounding Particles; why then too we ſhall have perfectly the ſame idea of 
the Body as we had before, except, that in every point of time it changes its 
. ſituation : But now, ſhould the Particles of the Body themſelves be put into 
motion, then it's eaſy to conceive how an infinite variety of effects may be pro- 
duc'd, which it is impoſſible for us to determine. The whole buſineſs of Che- 

miſtry therefore is to unite, or ſeparate ; nor is there a third thing that it is ca- 
pable of performing; and hence all its operations may be reduc'd hither, with- 

out exception. Nor let any one be offended at this ſimplicity, as if it was 
impoſſible, that from this alone, ſhould ariſe ſo great a number of very dif- 

ferent and wonderful effects, which we obſerve no where elſe; for it is a 
known, and ſettled truth, that the ſimple mechanical union of different Bodies 

with one another, is capable of producing very ſurprizing varieties in the com- 

pound. The Arithmeticians too evidently demonſtrate, that from a few Ele- 

ments, diſpos'd, and chang'd, according to the laws of combination, may be 

form'd an infinite rien of. new Bodies. And laſtly, from the application of 

one Body to another, there often appears a new power, which before lay in- 

tirely concealed. If, for inſtance, no two Loadſtones had ever been brought 

ſo near together, as to be within the ſphere of each other's activity, we ſhould 

never have had a notion of any ſuch thing in nature as a magnetic Power: If 
again, no Iron had ever been ſeen in contact with the Magnet, certainly, the 
peculiar, and ſtupendous tendency that is obſerved betwixt theſe two Bodies 
towards one another, had never been diſcover'd: And laſtly, if Iron touch'd by 

the Loadſtone had never been applied to another piece of the ſame Metal, 

either touch'd, or not touch'd, what perſon living had ever been able to find 
out thoſe hidden vertues, which in this caſe are the cauſe of ſuch ſingular mo- 

tions? But it will farther appear in the Hiſtory of Menſtruums, that a greater 
number of Bodies have this mutual tendency towards each other, which whilſt 

they are at a diſtance is not perceptible, but upon their near approach, diſco- 

vers itſelf immediately. From what has been obſerv'd then, it evidently ap- 

pears,. that by the reſolution of compound Bodies into their Simples, and the 
compolition.of Simples with one another, may ariſe an infinite number of ap- 
pearances, that we were not acquainted with. before. 0 
If a Body undergoes any alteration, but {till retains the ſame quantity of Thepower | 
matter, then, the figure only will be changed, or the ſurface altered eee 
but even this ſo ſimple a change preſently endues it with new powers. This . 
we ſee plainly in the mechanical Art, which by changing the figure only can 8 e alen 
work the ſame piece of Steel into inſtruments of vaſtly different properties. Let 

an ounce of Steel, for inſtance, benicely formed into a Wedge, Knife, Dagger, 

Lancet, Sphere, Cube, Cylinder, Priſm, Pyramid, and Cene; will it not then, x 
under every one of theſe ſhapes, acquire new and peculiar powers? | = p 

On all theſe accounts, then, it is evident that the ſimplicity of the actions of 


the chemical Art, is no hindrance to their producing an. infinite number ob, 
different effects, = And,. 
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And, indeed, it is of ſome conſequence to conceive of this affair in a proper 
manner, as the Chemiſts are always prejudiced in an opinion, that their Art 
does really contain in it ſomething yet more myſterious : If you examine their 
performances, however, you will perceive the truth of what has been aſſerted. 
Certainly, Calcination, Fixation, Vitrification, Sublimation, Fermentation, Pu- 
trefaction, Digeſtion, Depuration, and Adunation, with whatever other Opera- 
tions they reckon proper to their Art, may be reduced. hither. Bae e e 
chemie! We muſt not, however, pretend to affirm, that thoſe very parts, into which 
Analyis a Body may be ſeparated, did really exiſt in the Body, in the ſame manner 
lebe tn as they appear to us after their ſeparation: For ſince the ſame powers that 
parts of diſunite theſe Corpuſcles, may produce in them likewiſe a very great alteration, 
hy kad we ſhall often fall into an error if we ſuppoſe that the compound bodies in 
in the Bodies reality do contain theſe very Elements. 2: | 1 
them And, indeed, upon the reſolution of Bodies, there often ariſes in the parts of 
them new vertues, which never diſcovered themſelves by any effect in the bodies 
whilſt they were intire; of which there is an infinite number of examples. 

From both theſe reaſons therefore it appears, that the Chemiſts are not al- 
together in the right, when they pretend to exhibit to us the firſt Elements of 
bodies, and think they can determine the nature of Compounds, from the know- 
ledge they have of the Elements which by chemical Operations may be extracted 
from them, | | CS oe. 2 ae x 

Phat The examination of Bodies, it is true, informs us, that there are in nature 
Atoms certain Corpuſcles, which when perfectly ſeparated from all others, are not 
mutable by any cauſe we are hitherto acquainted with; whether 1t proceeds 
from their exceſſive, and more than adamantine hardneſs, which prevents any 
farther diviſion or change; or ariſes from their very great ſubtlety, by which 
they are capable of eluding the force of all natural Powers. * 

When the reſolution therefore of Bodies is carried ſo far as to reduce them 
to theſe fine Elements exeeeding, there is a ſtop put intirely to any farther di- 
viſion, till theſe again are either united with one another, or with ſome other 

compound Body. 1 ER 178 <= 
Scarcely a- Theſe principles the Philoſophers call, Elements of Bodies; and into theſe 
W wi the Chemiſts have often aſſerted that they have reduced them; but they themſelves 
8 confute their own opinions. We can't, indeed, but allow them, that the Ele- 
ments of Fire, Air, Water, Earth, Alcohol of Wine, Mercury, and the Spiritus 
Reflor of every body, and ſome other things, do appear exceedingly, ſubtil, 
and durable, when they are abſolutely ſimple; but that theſe particles can 
ever be collected, and exhibited to us pure and without any mixture, no Art 
hitherto has been able to demonſtrate: And indeed, that there is nothing of 
_ ſimplicity in the common chemical Operations, has long ago been paſt 
iſpute. : . 
The produc- Fire pehaps, and that only, whilſt it paſſes through Gold, or the like ſub- 
Ieh e ſtances, may give us its Elements perfectly pure: But what perſon living can 
ſeldom üm- BY any Art ever ſhow us one drop of. pure ſimple Water? and this in the 
ple. — is ſtill more difficult. There is no need to mention Air, Earth, and the 
others. Te 

Nay farther, the parts into which the greateſt maſters pretend to have re- 

ſolved compound bodies, are not themſelyes of a ſimple nature, but mutable, 


4 and 


- ; 2 


2 
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geinal compound. This we have a proof of in the Analy/is of Blood, Wine, and dus the | 
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and capable of farther diviſion. This the Water, Spirits, Salt, Oil, and Ea 

extracted from animal, or vegetable bodies plainly evinces, Nay Alcohol itſelf 

is ſeparated in burning into different principles. 1 
And laſtly, from a compoſition of the Elements, which the Art of Chemiſtry or wil 


Ss - . 's | F theſe agai 
is capable of reducing bodies to, we can ſcarce ever again produce the ori- — 


many other things. e 1 0 2 4 
It is neceſſary therefore to fix ſome ſure limits to our Art, which we muſt The juſt 
not exceed if we would avoid miſtakes, and come at the truth. It muſt be Fonclaſen. 
allowed indeed, that certain chemical Operations, do always produce in Ani- mical Ana- 

mals, Vegetables, and Foſſils, ſome determined effects, which by their proper ?* 

marks may be eaſily diſtinguiſhed ; but whether the things they lay before us 

did really exiſt in the fame manner in the bodies themſelves before theſe Ope- 

rations, we cannot always rightly determine, without borrowing arguments 

ſomewhere elſe. Alcohol of Wine, for inſtance, by the help of a proper fer- 

mentation and diſtillation, may be always procured from certain ſorts of Vege- 

tables, in the ſame manner, and perfectly of the ſamenature. Nor was it ever poſ- 

ſible to draw this ſpirit from any other ſubſtance whatever; nor from this, but 

by means of this double Operation. This liquor therefore, that the Chemiſt ex- 

hibits to us, was never diſcovered in Vegetables, till they had undergone both 

a due fermentation, and diſtillation, Hence too, nobody, can give any to- 

lerable account of its matter, cauſe, nature, and vertues, beſides the Chemiſt. 

The ſame thing holds true likewiſe in a great many other inſtances. This Art 

therefore we circumſcribe within a narrow compaſs ; on this account we aſſert 

it to be more valuable, excellent, uſeful, and neceſſary z and *tis under theſe 

limitations that we are ambitious of profeſſing it. | 5 
It appears then at length by the help of the chemical Art only, that there The $i 

really is in every ſingle Animal, and Vegetable, a kind of Aura, or Vapour, the Ache 

that is proper only to that particular body; and that this is of ſo ſubtil a na- wills in 


compound | 


ture, that it diſcovers itſelf only by its ſcent, taſte, or ſome peculiar effects. pots. 


This Spirit expreſſes the true genius of the Body in which it reſides; and it is 


this chiefly that accurately diſtinguiſhes it from all others. The infinite fin- 


neſs of this Vapour makes it inviſible to the eye, though aſſiſted by the moſt 
perfect glaſſes; nor can the moſt exquiſite Art detain, and collect it by reaſon 
of its vaſt volatility: When it is pure therefore, and ſeparated. from every 
thing elſe, it grows impatient of reſt, flies off, and mixes with the Air, and 
ſo returns to the grand Chaos of all volatile bodies. There, however, it ſtill 
retains its own proper nature, and floats about till it deſcends again with Snow, 
Hail, Rain, or Dew: It then finks down into the boſom of the Earth, im- 
pregnates it with its prolific ſeed, mixes with its fluids, and ſo at laſt unites. 


= ſelf again with the animal and vegetable Juices ; and thus by this revolution 
= returns into new bodies, in order to govern them and render them active. 


This Spirit, from its vaſt penetrability, exquiſite ſubtlety, and prodigious vola- 
tility, the ancient Alchemiſts, who were certainly the top maſters of the Art, and 
the moſt conſummate Examiners of natural bodies, called the Spiritus Rector, or 


Governing Spirit. | | | 
Now that this Spirit ſhould be confined, and remain in its proper body, the 42 Oil the: 


true ſeat of 


all wife Creator has united. it with a tenacious, durable Oil, ASD ROUT, Air, this Spirit. 
| al[cr,. 
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Water, or natural heat can eaſily diſſipate; that by this means, being intangled 

in its viſcidity, it might not too readily fly off, and ſo leave the body it was 

deſigned to govern, and moderate. Hence the ſame famous Authors loudly 
aſſert, that this Spirit reſides in a Sulphur. — og Le bn 

on which Again, the Oil that thus ſerves to hold down and ſecure this Spirit is found to be 

account it is more volatile than any other of the oily ſubſtances in the ſame body: and it 


more vola - 


ale. ſeems formed of ſuch a nature, to the end, that it might almoſt ſpontaneouſl 


exhale with its Spirit, as the body tends towards its diſſolution; leſt the Spirit 
which is ſo vaſtly uſeful, ſhould remain unactive in the body after deatn. 
Of tis oi And laſtly, nature is ſo ſparing in the diſtribution of this Spirit, that it al- 
lows to every Body but an exceeding ſmall particle of it; which, however, is of 
ceeding ſmall ſo noble a nature, that it is abundantly ſufficient. The antient Adepts have been 
particle. hold enough to pretend to meaſure the quantity of this Spirit, and tell us that 
it is . part of its ſeminal Body; and that it 1s always found in this proportion 
in every ſeed in which d recess ni t nn ff Tab r A N 
But proi- They aſſure us farther too, that they have obſerved it to be vaſtly active, 


ouſly active. and have learned by repeated obſervations. that if you cheriſn it with a preg- 


nant warmth, and ſupport it wich proper nouriſhment, it will ſtill increaſe in 
activity, and in a wonderful manner continually acquire new ſtrength for the pro- 
duction of an Offspring like itſelf. Hence they ſtiled it the Vital Spark, the 
Son of the Sun, the Spirit that nouriſhes within, with many other appellations 
of the like nature. 1 | Ie 


This won- Now before I proceed any farther, give me leave to illuſtrate this whole af- 


cri ater fair by one ſingle Example: To this purpoſe let us pitch upon a Vegetable, 
by an Ex- that evidently diſtinguiſhes itſelf from every thing elſe. Let it, for inſtance, be 
ample. Cinnamon, that noble Aromatic, which is of ſo fragrant a ſmell, and ſo de- 


lightful a taſte, far excelling almoſt all others, even the moſt precious. If 


you cautiouſly then, and according to Art, diſtill a pound of the choiceſt -of 


this Spice with boiling Water, and take care that nothing of it be loſt, it will 
yield you a milky Liquor of a fine ſmell and taſte, and at the bottom of it, a 
{mall quantity of a red Oil, which is exceedingly fragrant, and poſſeſſes in a very 
great degree the true vertues of the Cinnamon; as indeed does this milky 
Liquor. If you then remove both theſe, and boil up the Cinnamon that re- 
mains with freſh Water, you will draw off a clear, watery Liquor, of an acid 
taſte and faint ſmell, which is ſo far from containing any figns of Cinnamon, 
that it is ſo like many others, you won't be able to diſtinguiſh: one from the 
other. Examine now the Reſiduum of the Decoction, and you will find it of 
a browniſh red colour, an acid auſtere taſte, without ſmell, or any thing that 


gives the leaſt Indication of Cinnamon. The body of the Spice, indeed, that 
remains in the Decoction, you would {wear to be Cinnamon, it repreſents it ſo 


exactly in its figure, and outward appearance ; but upon farther examination, 
yOu will find that this is the whole it retainsof this noble Bark, having loſt all its 
ormer excellencies: And indeed, there is a little difference betwixt this, and 
any other Bark or Wood, that has been treated in the ſame manner. 
The true peculiar vertue, therefore, of the Cinnamon is contained in the di- 
ſtilled Water, and the Oil that ſubſides to the bottom of it. If you let, now, 
this Water remain at reſt for a good while in a cloſe veſſel, it will let fall 
an Oil, grow clearer, and become leſs aromatic: In the Oil therefore chiefly 
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reſides this choice noble vertue. But again, if you ſeparate this water from the 
ſubſiding Oil whilſt it yet remains ſtrong of the Cinnamon, and put it into an 
open bottle with a ſmall mouth, the whole place will: ſmell ſtrong of Cinnamon, 
and in a little: time you will have the Water quite vapid, without any of the 
properties of the Spice; and yet you will find that it has loſt no more of its 
weight, than common Water would have exhaled in the ſame time, in the 
ſame veſſel, and in the ſame place : The fine vertue therefore of this Water is 
really lodged in an exceeding ſmall quantity of it, which conſequently, muſt 
be extremely efficacious. Laſtly, if you expoſe the Oil abovementioned to 
the Air in a wide-mouth'd glaſs veſſel, there will be diffuſed through the 
whole place a moſt fragrant, delightful ſmell of Cinnamon; but in the mean 
while the Oil will loſe its peculiar vertue, and after a ſhort time there will re- 
main an Oil, almoſt of the ſame weight with the former, but perfectly ex- 
hauſted and deprived of all its original qualities, 6 
Hence then it is evident, that all the proper aromatic vertue of Cinnamon 
reſides in a very ſmall Quantity of Oil; and that even of this, it conſtitutes 
but an infinitely ſmall part. And this particular demonſtration will almoſt uni- a 
verſally hold gooc. © 3 4 5 
The maſters of this Science who have been moſt happy in their diſcoveries, A Spirits 
tell us, that they have ſeen theſe Spirits even in Metals, and every kind of Reale and 
Foffil ; that they are locked up in their proper Bodies, and confined there in other Bodies. 
their fixed Sulphur; and that whenever they can extricate themſelves from 
their fetters, and become free, they then grow vaſtly active, inſinuate them- 
ſelves into other kind of Bodies, and are exceeding efficacious in the cure of diſ- 
eaſes. But enough of this; if your curioſity about theſe things leads you any 
farther, conſult the Adepts in theſe myſteries. . For my own part, I don't 3 
chooſe to ſay any thing more upon this head, left I ſhould be ſuſpected of 
recommending, and impoſing on others, thoſe things to which I myſelf am 
not equal. FP 8 # 
1 The effects of this Art the Chemiſts have reduced principally to four claſſes; The claſſe 
$ which are all produced either by adunation, or ſeparation. When, for inſtance, aal 
they reſolve a Body into any diſtinct parts which they collect and ſeparate from 
it, they call this Operation extraction, and to thoſe parts chiefly which are the 
moſt conſiderable they give the name of an Extract: Thus, when they draw Extract. 
from Wormwood the penetrating, bitter part only, they call it the Extract 
of Wormwood; as the moſt ſubtil part of Iron artificially ſeparated from it 
goes always by the name of the Extract of Iron. Hither therefore are referred 
a great number of Operations, which may be performed on the ſame Body, 
as Diſtillation with Water, or without it; Decoction, and the inſpiſſation of this 
Decoction through different degrees; Tinctures, let the Menſtruum made uſe 
of be what it will; &c. FO . | 
But when an Extract is drawn from ſeveral Bodies mixed together, in the Clyus, 
ſame manner as the former was from a ſingle one, it then changes its name for 
that of a Clyſus. And this appellation ſerves likewiſe for different Extracts pre- 
- = pared from the ſame Body, and afterwards mixt together; as when the Water, 
Spirit, Oil, Salt, and Tincture of Wormwood are artfully compounded into 
one mals, which poſſeſſes the united vertues of them all. Under this head there- 
fore may be reduced a great number of beautiful productions of this Art; 
2s the artificial Soaps, &c. | H A Magiſtery 
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80 Elements of CHRMIS TRY, Part II. 
Magittery, A Magiſtery ſeems at firſt to have fignified among the greateſt Maſters of 
my Pies sf moſt excellent production, or maſterpiece of their Art: For 


they tell us, they can change any ſimple Body into a matter very different 


from the former, and that commonly a liquid one, without any alteration in 
its weight, or the leaſt ſeparation of its parts. Thus, for inſtance, they aſſert 


they can reduce an ounce of Gold into a fluid of the fame weight without 
the leaſt admixture of any thing elſe; juſt in the manner as we ſee it when put 


in fuſion by Fire. This, certainly, were we Maſters of it, would be a moft 
noble Art; but it lies hitherto out of our reach, unleſs you will ſuppoſe, 
that the effects produced by Fire are ſomething like it. This however we muſt 


allow, that wax brought once over the helm, undergoes a ſurprizing alteration | 


without any ſeparation of its parts. 


En. Laſtly by the word Elixir, ſeems to have been meant the compoſition of | 


different Bodies into one, ſo as perfectly to change their form, without mak- 
ing any alteration in their weight: And hence tis a kind of Magiſtery from 
ſeveral Bodies, as the former was from one. This Paracelſus aſſerts he has 

rformed in Aloes, Saffron, and Myrrh, but conceals the only folvent which 
is able to effect this wonderful Operation; for which Van Helmont blames him, 
though he has not at all mended the matter himſelf. What reaſon is there 
however that we may not expect this from the chemical Art? Certainly, the 
preparation with tartarized Tartar, ſetting aſide the ſkins of the Saffron, 
pretty nearly effects it: Nor do we make any doubt but that other Chemiſts 
are acquainted with better Solvents, It is certainly an argument of a weak 
mind to meaſure and limit other perſons underſtanding by our own ; though 


N it muſt be confeſſed too, that the Artiſts by their too great pretenſions very 


much leſſen the opinion we ſhould otherwiſe have of them. 
I am well appriſed that the terms abovementioned have been uſed in a dif- 
ferent ſenſe by very good Authors,; but then, there are famous ones too, that 
have underſtood them in the manner, in which I have explained them. Let 
every one make choice of that, which pleaſes him belt. 


The ſervice of the Art to Natural Philoſophy. 


The uſe of AS Chenuſtry is engaged in the examination of all ſenſible Bodies, it is 
Chemitry evident it muſt neceſſarily enter into, and be of uſe in all the branches of Na- 


i PF ara] Philoſophy. And as Fire chiefly is the Medium by which it brings about 
uſe of Fire, the changes 1t produces in the Bodies that come under its management, in 
this very reſpect it muſt be of ſervice. to Phyſics, ſince Fire too, is the very in- 
ſtrument that Nature herſelf generally makes uſe of in the Operations it per- 
forms upon material Beings. As Natural Philoſophy therefore is the know- 
ledge of created. Bodies with all their different modes of exiſtence, it muſt cer- 


tainly be promoted by the chemical Art. Give me leave to explain this a 


And difco- little more clearly, *Tis the buſineſs of the Philoſopher to deliver a true and 


vers that 


Which we ACCUrate account of natural Bodies together with all their affections and pro- 
were not be- Perties. Now this knowledge cannot otherwiſe be obtained, than by carefully 
4 making obſervations upon all thoſe Beings which the great Creator has formed 
with, within the compaſs of our ſenſes. The firſt therefore, and indeed the prin- 
4 cipal part of this Science, conſiſts in collecting together all thoſe Phenomena 
of Bodies, which our ſenſes are able to diſcover; and then reducing them into 
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Theory of the ART. 51 

a natural Hiſtory. Now there are two different ways of coming at theſe 
Obſervations : The firſt, when we regard the appearances of things only as Not on, 
they happen indifferently to all in the common courſe of nature without 94 3 1 
deſign in the human mind towards their production; and this is not of fo Phene- 
great ſervice to the Art, as in this caſe it is chance only that diſcovers to us 
certain properties, which happened to be produced at thoſe particular times: 
The other, when we deſignedly apply different Bodies to one another that we But making 
are well acquainted with, purely with a view to obſerve the new Phenomena wich sien 
that will ariſe from them. And this now, is of vaſtly more ſervice to the to new Diſ- 
Philoſopher than the former: For, to mention no other reaſon, there are an e 
infinite number of properties of Bodies, and thoſe too very efficacious ones, | 
that could never been found out in the common order of nature, but then only 
diſcover themſelves, when the Artiſt with his Fire in particular, comes to ex- 
amine them, either jointly or ſeparately, on purpoſe to know what will be 
the reſult, And, indeed, Chemiſtry is almoſt the only Art, that ſeems ſuited 
to cultivate this ſecond, and moſt valuable method of making phyſical Obſer- 
vations. Tis this that reſolves compound Bodies into their ſimple parts, and And that 
after it has carefully examined them combines them together again, in order to — wang 
know, what new appearances, and powers, will thence ariſe: Tis this, that Ar. 
ſeparates, or compounds various Bodies, and then examines them nicely with 
a determinate, and well. obſerved degree of Heat, in order to find out if poſ- 
ſible, what it is in them that nature is chiefly engaged about: And laſtly, Tis 
Chemiſtry that by theſe means diſcovering how it may exactly imitate the na- 
tural and common Phenomena abovementioned, hence rg explains, and 
exhibits to us the inſtruments by which nature ſo efficaciouſly operates; and thus 
pries into her moſt ſecret methods of working, and very often prudently directs 
and improves them to its own advantage. 6 3 

A proof of this we have in Gunpowder, Phoſphorus, liquors that | 2 
upon mixture raiſe violent Ebullitions, and break out into flames, and an in- 4 
finite number of other inſtances. We muſt, indeed, acknowledge that perſons 
{ſkilled in Mechanics, Hydroſtatics, and Hydraulics, from certain general and 
univerſal properties of Bodies, may moſt certainly explain a great many phy- 
fical Actions : Bur ſtill, let them be ever ſo much maſters of theſe Sciences, 
they will never hence be able to diſcover thoſe effects of Bodies, which depend 
intirely upon the proper, and particular nature of ſome certain Bodies only, 
and which had never exiſted 0b 


6 it not been for thoſe peculiar vertues. When- 
ever, for inſtance, the Loadſtone, and Iron touched by the Loaſtone, 
come near one another, what ſwift, and ſurprizing motions are immediately 
Produced, which are no where to be ſeen in nature beſides? Now that Che- 
miſtry is much more likely to help us to the knowledge of theſe particular qua- 
lities than any other Science is evident paſt all diſpute; as this Art is vaſtl 
the beſt ſuited to the diſpoſing of Bodies towards theſe kind of Diſcoveries. 
We may very juſtly therefore conclude, that of all Arts ours is the principal, 
and moſt efficacious in the promoting of natural Knowledge, A perſon that 
is maſter of this, will in reality make uſe of his Knowledge for the producing 
of 1 er phyſical Effects, and not ſit down ſatisfied with ſubtle words, or 
idle ſpeculations. When the Chemiſt explains to you the nature of Glaſs, he 
_ at the ſame time teaches you the 4 way of making it. If he talks to r. 
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+ Elements of CHeMIsTRy, Part II. 
of Fermentation, he gives you an inſtance of it likewiſe to make it more evi- 
dent. In ſhort he never pretends to any thing more, than what he is willing 
to let you ſee he is able to perform. He don't trouble his head with fruitleſs In- 
quiries into ultimate cauſes ; the preſent cauſes of things are what he ſtudies, 
and what he teaches. He never invokes Demons, Hobgoblins, or Spirits, to 
his affiſtance 3 but performs all his Operations by the ſimple application of 
natural Bodies to one another. Nor does he concern himſelf at all about ſub- 
ſtantial forms; but, more to the purpoſe, takes pains to diſcover to us by their 
effects, thoſe peculiar qualities and powers which nature has implanted in every 
particular Body; and then informs us how we may make uſe of them for the 
performing many ſurprizing Operations. Nor will he ever when at a loſs, fly to, 


and take refuge in occult qualities; no, inſtead of that, by the help of his Art, 


he will ſearch out, and difcover thoſe effects, which are fallly aſcribed to thoſe 
names, and then produce them into practice. The creation of the ſeeds of 
things, and the proper formation of every Body in its firſt original, he rea- 
dily confeſſes he is not acquainted with; but takes a great deal of care to ob- 
ſerve all the appearances that ariſe thence, and having faithfully collected 
them, makes a prudent uſe of them in the managing and changing of natural 
Bodies. Theſe happy fruits is Chemiſtry capable of producing for the ſervice 


of the Philoſopher; and this Art, was it properly cultivated, would lead us 


to that knowledge of natural things, which the famous Lord Bacon ſo much 
wiſhed for, and gave us a ſketch of, and which afterwards, upon the beautiful 
deſign of that great Maſter, was improved and carried on by the immortal 
Robert Boyle. 5 


The uſe of Chemiſtry in Phyſic. 
Thegreat Now all that has been aſſerted of the uſefulneſs of Chemiſtry in natural Phi- 


S__ loſophy, will hold equally true in the Art of Medicine: For this treats of the 
in the medi- Human Body, and the powers, and effects of other Bodies upon it, neither of 


cal Art, which can be thoroughly underſtood without the aſſiſtance of Chemiſtry. It will 
not however ſuit with our preſent deſign to enter into this affair too minutely, 

and therefore we ſhall only curſorily hint at ſome of its ſervices in this Science. 

As it teaches Chemiſtry, then, alone informs us, that the firſt Elements of which the ſolid parts 


us the n 


ture ofthe Of the Body are compounded, are a mere Earth firmly united together by an oily 


| Solis, glutinous matter, which.cannot be ſeparated from them but by the extreme force of 
an open Fire. Tis this teaches us too, that Water alſo inſinuating itfelf among 


theſe Elements, ſerves to bind them together, and being conſolidated” and: con- 


creted with them will not be expelled without a great deal of difficulty. *Tis 


this farther that firſt explained to us the origin of this Earth, Oil, Water, and 
all the humours of the animal Body, from the Aliments it receives, theſe being 
firſt carefully examined according to Art; of which without this aſſiſtance we 
And Fluid. ſhould have been intirely ignorant, And as for the parts, kinds, powers, and 
changes, obſerved in theſe humours, who can give any tolerable account of them 
without a thorough acquaintance with this. Science? And laſtly, as there is a 
certain degree of Heat that conſtantly accompanies a perfect ſtate of health, 


which now a-days we are able to determine by the Thermometer; and as 


this when rightly diſcovered is the true meaſure of its active power: Chemiſtry 
far excels all other Sciences in explaining the proper effects of this Heat. 
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Theory of the ART. 1 5 53 
'Tis true, indeed, that Mechanics, Hydroſtatics, Hydraulics, and the other In which 
parts of Natural Philoſophy, help us to the knowledge of a great many things gil 
that happen in the animal Body, whilſt it continues in a ſtate of health; but mot uſeful 
then, Chemiſtry leads us to a great many likewiſe, that we could not poſſibly erte, 
have learn'd any where elſe: So that we are oblig'd to confeſs, that there are 
abundance of truths, and thoſe of the'greateſt importance too, in the whole phyſio- 
logical branch of Medicine, that we could never come at, without the aſſiſt- 
ance of the chemical Art. But the greateſt glory of this valuable Art conſiſts in 
its being able to diſcover and correct thoſe errors, which ſome whimſical dablers And cores 
in Chemiſtry had introduc'd into Medicine, as Boyle, Bohn, Hoffman, Homberg, in oun er- 
and others, have by beautiful examples made appear. Thoſe vain, triflin 8 5 
Chemiſts, were certainly in the wrong, when they pretended by their Art alone 
to explain phy ſiology in all its parts; nor however are they leſs miſtaken, 
who imagine they can do the ſame thing without it. No; let Anatomy faith- 
fully deſcribe the parts, and ſtructure of the Body; let the Mechanic, by his 
particular ſcience, examine the Solids, whilſt Hydroſtatics helps us to the laws 


of Fluids in general; and the actions of them, as they move through given 


canals, are explained to us by that beauiful Science Hydraulics; and laſtly, 


let the Chemiſt add to all theſe, whatever his Art, when fairly and 2 
1 


apply'd, has been able to diſcover: And then, if I am not miſtaken, we ſha 
have a complete account of the phyſiological part of Phy ſic. | 

Nor is Pathology, as I apprehend, leſs beholden to the chemical Art than Aſſis Pa- 
the former. Would you underſtand the cauſes, modes, and effects of the de- 97 
generation of the humours in the animal Body? Would you know how the 


Z Juices are vitiated, when they move too ſlowly, are perfectly at reſt in their 


veſſels, or run out of them, and ſtagnate in the cavities? Or would you form 
a juſt notion of the alterations, that the Oils, Salts, Spirits, and Earth, that 
are mixed with our Fluids undergo, when they circulate through the Arteries 
with too great rapidity ? You muſt go to Chemiſtry, and that only, for your 
information. Here too you will plainly diſcover, what Acrimony there is in the 
Body, how many ſorts of it there are, whence it had its origin, and what are the 
effects of it after it is produced; which in vain you will ſeek for any where 
elſe. This will inform you farther, how the conſtituent parts of the Blood are 
compacted together, and by what means they are again reſolved. And laſtly, 


trid Gangrene, and what is the certain event of a Sphacelus. Nov ſearch after 
theſe things in any other way, and I am certain, with your utmoſt endeavours, 
you will never be able to give any tolerable account of them: Nay, the very 
Diſeaſes of the Bones themſelves cannot be rightly underſtood, without calling 
to our aſſiſtance the labours of the Chemiſts. | \ | 
But ſome perſons will be ready to ſay, we allow you, indeed, that Chemi- Of uſe in 
ſtry may be of ſervice in the phyſiological, and pathological parts of Medi- dee. 
cine; but as to that part which treats of the ſigns of Health, Sickneſs, and 
Life, this was cultivated ſo accurately by the ancient Greeks, that there can be 
no room left for its aſſiſtance here. To this we anſwer, It cannot be denied, 
but that they did take an infinite deal of pains in collecting together the Signs 
of Diſeaſes, and afterwards communicated them with as much integrity; but 
til], all their labourz were confined to the examination of thoſe things WT 
- Bees my Ow” CO. Ra: 47: 


here you may learn the nature of Pus, Ichor, Sanies, virulent F Now and a pu- 
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from the Veins into the Heart, and expulſion of it thence into the Arteries: 


and by the attrition they ſuffer in the courſe of circulation, will become acrid, 


 Humours will loſe their natural ineptitude to motion, and become almoſt vo- 
latile; from an innocent, mild, diſpoſition, will grow vaſtly acrimonious; 


come, as ſome have aſſerted, a perfect Alcali. By this means, therefore, the 


Elements of CUHEMHISsTRV, Part II. 


which nature ſpontaneouſly offered to their obſervation. In this, we confeſs, 
they were ſurprizingly careful and accurate, even to that degree, that they 
ſcarce left any thing to be added by thoſe that came after them. All theſe 
things therefore muſt the Chemiſt borrow from them, and them only, before 
he pretends to make uſe of his Art for gaining a knowledge of Diſeaſes ; and 
theſe he muſt gratefully acknowledge, as the effects intirely of their wiſdom, 
But then, if we would rightly underſtand what every individual ſign truly ſig- 
nifies, we ſhall be at a loſs without the aſſiſtance of our Art, which alone is 
able clearly to explain it. This I could particularly demonſtrate in every fin- 
gle inſtance, would the nature of our preſent buſineſs admit of it. But to men- 
tion only a few. The Ancients knew, that the more frequent Pulſe of the Arteries, 
was a certain indication of a preſent Fever; and taught us, that the degree 
of it was to be meaſured by the number of ſtrokes within a given time: By this 
means they tell us, the native Heat is increaſed, the radica] Moiſture deſtroy'd ; 
and hence, according to the different degrees of it, Life itſelf is brought more 
or leſs in danger. The famous Harvey has farther inform'd us, that the quick- 
neſs of the Pulſe is owing to the more frequent reception of the vital Blood 


And here their obſervations reſted, nor ſerv'd us any farther. The Chemiſt, 
however, by the aſſiſtance of unexceptionable experiments, is ſtill able to pro- 
ceed, and teaches us, that by this increaſe of Heat from the celerity of the Pulſe, 
the more fluid parts of the Humours muſt neceſſarily be diſſipated, and the re- 
mainder inſpiſſated; that the Oils will be diſſolv'd and mix'd with the Blood, 


volatile, and putrid, and in this condition, being ſtrongly preſs'd againſt tage 
fine veſſels of the Brain, will of conſequence, wonderfully diſturb it, nor wil! 
be eaſily again diſengag*d from their union with Blood; that the Salts of the 


and change their ſoft ſaponacious quality into a fiery, corroſive one, and be- 


Chemiſt comes to a right underſtanding of this Sign; and at the ſame time 
explains to us the uſe of it. With regard to the Urine, the Ancient Phyfici=- 
ans were very careful in inſpecting it, in order to diſcoyer, if poſſible, the in- 
ternal diſpoſition of the Body, and the more occult Symptoms of Diſeaſes; and 
the Moderns are obliged to do the ſame: But of what ſervice has this been to 
Phy ſic? certainly of very little, as the judgment form'd from thence is very 
precarious : But let now a Phyſician, that is verſed in Chemiſtry, examine it 
according to the rules of that Art, and how many, and how uſeful will be his 
diſcoveries? The quantity, colour, taſte, contents, whether ſwimming at top, 
the middle, or ſubſiding to the bottom, and the ſpume, will make appear the true 
diſpoſition of the Water, Salt, Oil, and Earth in the Urine, and conſequently in 1 
the Blood at that time; and hence they diſcover to us the intimate diſorders of 
the Humours, which are otherwiſe out of our reach, and ſerve as Prognoſtics, 
to point out to us the good of bad event, that in a ſhort time is likely to fol- 
low. Here therefore, and here only can the Phyſician truly learn, both how to 
manage the preſent Symptoms, and foreſee and provide againſt future events, 
in ſuch a manner, that nature may be ſupported, and not left to fink under 


them. 
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them. Tis the Chemiſt, farther, that is alone capable of accurately diſtinguiſh- 
ing by their Signs, the true nature of ſweat, pus, ichor, the ſputa, and the ex- 
crements diſcharg*d by ſtool : Not that he is able to perform all this by the aſ- 
ſiſtance of his own Art alone; but when to this he likewiſe joins a competent | 
knowledge of Medicine, then it is he becomes truly qualified to diſcover, by 
the help of them both together, a great many things, which, otherwiſe, muſt 
certainly have eſcaped our obſervation. And it were much to, be wiſhed, 
that thoſe Gentlemen of the faculty, who are ſuch enemies to the Chemiſts, 
*Z- would conſider this affair in a proper light; and then they would not ſo raſhly 
*Z condemn an Art, whoſe aſſiſtance may be of ſervice to Medicine, but cannot 
poſſibly do it any prejudice. We confeſs, indeed, that ſome of the chemical 
Profeſſion have done a great deal of miſchief, by boldly venturing upon- the 
practice of Phyſic, without ſufficiently underſtanding it; but then, this was 
the fault of the Men, and not of the Science. 
Again, its impoſſible for any perſon rightly to determine the diet that's pro- Nor les in 
per for people in health, unleſs he knows what kind of corruption our meat and He 
drink will naturally undergo, from the peculiar temperament of the Body that 
receives them, or the particular degree of exerciſe to which it is accuſtomed, 
In ruaning-footmen, - huſbandmen, and all perſons uſed to hard labour, fiſh, 
and freſh meats, putrify immediately from the violent motion of thetr Bodies, 
if they are not eat with a good deal of Salt: For ſuch therefore, brown Bread 
inclining to be ſoweriſh, Corn food, Milk, and Fiſh or Fleſh dried in the Air 
or Smoke, and well ſeaſoned with Salt, or Vinegar, is the beſt food; as Wa- 
ter, or ſtale ſmall Beer, is the moſt proper drink: For ſince, by this exceſſive 
motion, the Bile, and the whole maſs of Blood, neceſſarily tend towards putre- 
b faction, this muſt be guarded againſt by thoſe foods, which by their acidity, ſalt- 


neſs, - or firmneſs, are leaſt diſpoſed to this kind of corruption. On the contra- 
ry, your pale ſtudious perſons, who fit long at their books, and deny them- 


P ſelves proper exerciſe, ſhould eat only thoſe meats that are eaſiſt of digeſtion, "= 
- and are ſooneſt converted into the proper nature of the animal Humours : For 

- theſe therefore, as Chemiſtry teaches us, the ſofter kinds of freſh meat, fiſh, 

: and eggs, with a little ſalt, are the moſt convenient. And in ſhort, if there's p 

« any Science that truly explains the nature of our Meat, and Drink, their Matter, ; 
- = and the method of pickling and preparing them; Motion, Sleep, the Excre- 1 
JI 3 tions; and thoſe paſſions of the Mind, that are of ſervice towards the preſer- ö 
0 vation of Health; it is, beyond all contradiction, that of Chemiſtry. | 
y lf we conſider, laſtly, the Therapeutick part of Medicine, we ſhall find, that But princi- | 

t 2Z the chemical Art is here of vaſt ſervice alſo : For where ſhall we procure a Theagw- 

8 ſiuitable diet for our patients? Where ſhall we find Medicines proper for ſup- tis- 

„ =# porting of life, or recovering of health? Or where ſhall we be furniſh'd with _ 
e 2 thole Remedies that are capable of. correcting things foreign, and hurtful in . 0 
n = the Body, or expelling them out of it; or that will ſoften and ſooth whatever 

f is ſo ſharp or ſtimulating? Ifay, how ſhall we come at all theſe, except by 

> = A9uitable helps, which Chemiſtry chiefly explains; which that alone digeſts in 

|- , 23 order, and beſt adapts to their proper uſes? And indeed, it would be nothing 

0 = abſurd, ſhould I affert, that it is this Art that moſt accurately points out to us 

Ss 3 thoſe methods, by which we may learn from the Symptons of the ſick, whether, 

Tr in what manner, and by what methods, we ought to act, in order to — 

. — — | and 
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and eftabliſh the life of the patient, and to correct or remove both the cauſe 
of the Diſeaſe, and the Diſeaſe itſelf. And here give me leave to recommend 
to your reading thoſe things I formerly wrote, de Methodo Medendi, for the 
uſe of young Phyſicians Si | i 
Now the truth of what has been aſſerted, is confirmed by the authority of 
the great Lord Verulam, who by experiments, being thoroughly convinced of 
it, every where ſtrenuouſly recommends the chemical Art, as proper for the 
fully completeing every branch of Medicine. I might mention too the illuſtri- 
ous Boyle, who in his elaborate pieces, The Sceptical Chemiſt, which he himſelf 
inlarg*d and illuſtrated, Of the uncertain ſucceſ5 of Experiments, Of ſpecific Re- 
medies, Of the hiſtory of human Blood, Of the uſefulneſs of experimental Philoſophy, 


Of the mechanical production of Qualities, and a great many other Tracts, has 


evidently demonſtrated the uſe of Chemiſtry, in every part of Phyſic. It is need- 


. leſs ſure, after theſe two, to mention any body elſe: However, for your farther 


Chemiſtry 
of ſervice to 


Th Paint- 
ing · 


ſatisfaction, you may conſult the Philoſophical Tranſactions of the Engliſb, and 
the Memoirs de Þ Acad. roy des Sc. of the French; and there you will fee how in- 
duſtriouſly this Art has been cultivated for the improvement of the Know edge 
of Medicine. But the Epbemerides of the Germans are particularly ſtor'd with 
elegant arguments to the ſame purpoſe. It is, however, our great misfortune, 
that the moſt expert and learned Phy ficians, have very ſeldom been thoroughly 
acquainted with Chemiſtry ; as on the other hand, the greateſt maſters of Che- 
miſtry have hardly ever had a true notion of Phyſic, to the great detriment of 
both theſe noble Arts. John Bohn, and Frediric Hoffman, indeed, excell in both; 
and by this means diſtinguiſh themſelves above all the reſt, and deſerve the high- 
eſt praiſes. I don't mention with theſe Otto Tachenius, and Francis de le Boe 
Sylvius ; becauſe out of an exceſſive, and raſh fondneſs for the chemical Art, 
they would not allow it to be the ſervant of Medicine ; but judging more from 
their own inclination, than the nature of the thing, would have it her miſtreſs, 
Whatever I have been able to collect from this Art, that may be ſafely, and 
uſefully applied to Phyſic, you have, in alittle Treatiſe I wrote De cognoſcendis 
& curandis Morbis, and in my Materia Medica, which I publiſhed afterwards. 


Uſefulneſs of Chemiſtry in the Mechanic Arts. 
By which are commonly underſtood thoſe Arts, that are cultivated and per- 


formed by manual operation, and which are perfectly different from that mecha- 
nical Science that is the buſineſs of the Geometrician, which explains the pow- 


ers of Bodies, from the properties that belong to Bodies in general. To this 


latter, Chemiſtry is of no manner of ſervice ; but the former, which conſiſt in 
the managing, and changing of Bodies, are very much promoted by it. 

The Art of Painting, which by Colours can, to the life, truly expreſs all 
viſible objects, and hence is able to repreſent the moſt beautiful parts of the 
creation, and tranſmit them down to poſterity, is of ſo fine and noble a nature, 
that it has always been honoured with the regard, and eſteem of Princes, Conſult 
on this head Junius, in that vaſtly laborious work, De Pidtura Veterum. Now 
this, tho? it receives the aſſiſtance of a great many other Arts, yet in that part, 
which conſiſts in the preparation of beautiful, and durable Colours, Chemiſtry 
very far excells them all: A few examples of this will be ſufficient. The Pig- 
ment, called the Uliramarine, which is of ſo charming a blue, and infinitely 


laſting, 


Theory of the ART. 
laſting, is prepared from the Lapis Lazuli, intirely by the help of Chemiſtry, 
The common Blue Smalt likewiſe, is a beautiful production of the ſame Art. 
See Antonius Neri. L. VII. 115. and Dr. Merret's Notes upon the ſame. 
What is it that the greateſt maſters of Painting are fonder of, than a fine dura- 


ble Green? Why the lovely Ultra-marine. Blue, mixt with a holding Yellow, 
will give you one that will retain its beauty for many ages. Was it not there- 


fore for Chemiſtry, Painting would intirely want theſe two delightful Colours. 


What ſhall we ſay of thoſe Colours, called Laccæ, which are chemically pre- 


pared by coction, and precipitation? Do not theſe, by their brightneſs and 


clearneſs, give Pictures a vaſt deal of luſtre and beauty? But for theſe, we are 
intirely indebted to Chemiſtry, as you may ſee in the ſame Neri L. VII. 116, 
120. 7 | 

Not to mention Cinnabar, Orpiment, Ochre, or that Preparation of Bones 
that the Painters make uſe of, which is made by calcining them in a cloſe veſ- 
ſel to an intenſe Blackneſs. It appears therefore evident, that tho? the Arts of 
Chemiſtry, and Painting, are in their nature perfectly different, yet this, with- 
out the aſſiſtance of the former, would want its greateſt ornaments : Nor in- 
deed, could the Painter well do without it; tho' the Chemiſt ſtands in no man- 
ner of need of the Art of Painting. 
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The induſtry of the Chemiſts has diſcover'd an invention, by which they are In Enamel- | 
able to incruſtate Metals, Gold in particular, with moſt pleaſant, beautiful * 


Pigments, which ſhine like Glaſs, and are compoſed chiefly of a metalline or 
glaſſy Matter, and a moſt penetrating fix'd alcaline Salt. Theſe, they call 


Emauſta, Amauſa, Eſmaillades, Smalta, Enamels; which by the brightneſs, and 


elegant variety of their Colours, are vaſtly agreeable; nor will any length of 
time deſtroy them. Conſult again the famous Neri in all his it Book, and 
you'll think your time very well employ'd; but more particularly Jaac Hol- 
landus, who has treated ſo largely and finely of this noble Art, which vies 


with the moſt magnificent teſſelated works of antiquity. It is certain, the fair 


Sex are indebted to it for moſt of their valuable ornaments, 


There is yet a third ſort of Painting, viz. that upon Glaſs, which is exceed- 22 
0 


ing beautiful, repreſenting its figures in Colours that are wonderfully ſtrong, 
and at the ſame time tranſparent. A noble inſtance of this ſurprizing Art, 
we have in the Windows of a Church at Tergou, in our Province of Holland, 
which now-a-days can hardly be imitated. For formerly they were maſters 
of a particular method, by which, after they had laid their Pigments on the 

| Glaſs, they could; by the aſſiſtance of Fire, vaſtly heighten their Colours, 

and diſpoſe them to a perfect tranſparency, and at the ſame time make them 
penetrate into the very ſubſtance of the Glaſs, without running beyond their 
proper lines, or confounding themſelves in the leaſt with one another. And 
indeed, I don't ſee that any thing can poſſibly be invented more curious, and 
ornamental, for the decorations of Courts, and Churches. We have not, how- 
ever, a great deal of reaſon to hope, that this Art will ever be again retriev'd, 


unleſs the Chemiſts will diligently employ all the productions of their Art, in 
order to diſcover it, 


ſtaining 
laſs. 


Akin to Painting, is the Art of Dying, which conſiſts chiefly in tinging In Dyings 


Silk, Cotton, Flax, and Wool, with beautiful Colours, and ſo furniſhes us 
with curious Garments, Tapeſtry, , Sc. Now this Art depends we 
54648 a S cipally 
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cipally upon three things. Firſt, the materials to be dy*d muſt be perfectly 
clean'd, that they may eaſily ſuck in, and retain the Dye; which is done by 
ſoaking, beating, and ſcouring them with various Lixiviums. And here, pu- 
trified human Urine, the acrimonious Salt of Aſhes, divers farts of Soaps, and 
the Gaul of Animals, are of principal ſervice. By theſe the viſcous kind of 
Glue of the Silk-worms, that firmly adheres to the threads of the ſilk, which 
are always double, is diluted and waſh'd off, by which means they become 
pure, and fit to receive their Colours'; and by theſe the fetid oily impurities of 


the Wool, and the tenacious greaſy matter, which has long been concre- 
ted with the Flax, is intirely diſcharged. Now in the chooſing, preparing, and 


applying all theſe materials, the knowledge of the ſkilful Chemiſt is of a vaſt 
deal of ſervice, ſo that he is ccntinually improving them by the diſcovery of 
ſomething new, and uſeful. The ſecond thing requiſite in Dying, is a proper 
preparation of the Dye, that it may perfectly penetrate into the ſubſtance of the 
thing to be dy*d, and then may retain its beauty without any alteration, Cor- 
nelius Drebbelius of Alcmar, in our Province, a man of remarkable integrity, 


and ſo perfectly ſkilPd in the moſt profound parts of Chemiſtry, that he was 


rank'd amongſt the Adeps, and was in great eſteem with one of the Kings of 
England, beſides other things, left behind in writing, a particular method of 


dying Wool of a bright flame Colour; by which ſecret, Kyſtelaer, his Son-in- 
law, afterwards got a great deal of money. The rich Colour of Cochineal ma 


be heighten'd by Spirit of Nitre, till it is perfectly bright as Fire; but then, 
by its Acrimony, it too much corrodes the Wool; you may ſoften it, how- 
ever, by the aſſiſtance of Tin, and then you have a Dye chat is no ways inju- 
rious either to Silk or Wool, whoſe beauty is exceedingly durable. The third 
thing neceſſary in Dying is fine Colours; and thoſe our Art is capable of pro- 
curing. I remember, as I was formerly ſhewing a famous Dyer ſome liquors 
prepared from a ſolution of Copper, he ſeem'd ſurpriz'd at the elegance of 
the appearance, and declared he would give any thing for thoſe Colours, were 
it poſſible to make Cloth take them in their proper ſtrength and brightneſs. 
And no wonder; for in the Azure, Violet, and Green, Colours from Copper, 
which at the Will of the Artiſt are in a moment made fuller, or paler, there is 
ſuch a vaſt deal of beauty and variety, that any perſon, who had the Art of 
Dying Wool, Silk, Linnen, and Cotton, with theſe Colours, in ſuch a man- 
ner as to make them hold and not fly off, might certainly get an immenſe ſum 
of money. It is therefore paſt all diſpute, that the knowledge of Chemiſtry 
would be of great ſervice to the Dyer, ſince by the help of it, he might be 
continually improving his Art by new and beautiful diſcoveries. 


But if there's any Art that is greatly beneficial to mankind, it is certainly | 
that of making Glaſs. Tis this, that by the Poliſher's aſſiſtance, ſo comfort- 


ably helps the defects of our Eyes, and lengthens out our pleaſure of reading, 


even to great old age. Tis by this alone that we are ſecured from ſcorching 
Heat, and piercing Cold, kept free from Duſt, and preſerved from the incon- 


veniency of the Wind, . in. our Houſes, Coaches, and Ships; and at the ſame 


time have light enough perfectly to diſtinguiſh the Objects about us. Pure 


Glaſs does not eaſily ſtain, and when it is, may be clean'd again with all the eaſe 
imaginable. This expoles to our view the things 1t incloſes, and keeps them 
for ages; nor makes any alteration in them, or rarely ſuffers any from them. 


And 


ig 
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And indeed, whatever is preſerved in a Glaſs veſſel, that is perfectly cloſed, and 
intire on every part, becomes immutable, and incorruptible. Glaſs eludes the 
power of all corroſives, even the Alcabeſt itſelf, if there ever was any ſuch 
thing, which it is ſaid it is able to confine, whether it boils in it, or agita- 
ted by the Fire flies about in it; whereas the Alcabeſt diſſolves every thing 
elſe into a pure Water. Glaſs is the principal inſtrument in the Art of Che- 
miſtry; is of a very ancient invention; was cultivated chiefly among the Egyp- 
tians ; in the time of Tiberius was rendered malleable; and is at preſent, and 
has for ſome ages paſt, been made in the greateſt perfection among the Veneti- 
ans and Engliſh. And certainly, was it not for its great abundance, it would 
be more valuable than any kind of Metal. Now the choice of the Materials for 
this noble work, the artful preparation of them, and the proper mixing, 
melting, and bringing them to their greateſt purity, . depend ſo much upon 
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Chemiſtry, that they really receive no aſſiſtance any where elſe, but hence are 


capable of daily improvement. From Flint, Sand, and Stones, are made the 
various kinds of Glaſs ; and the different methods made uſe of in the burning, 


and calcining them, in order to reduce them to a Calx, make a vaſt deal of dif- 


ference in their beauty. The diverſity of the Aſhes too, as they are procured 
from Plants of various kinds, will make a conſiderable alteration in its 
goodneſs. That made from a pure, acrid, fixt alcaline Salt, melted with the 

beſt ſort of Calx of Flint-ſtones, is of all the fineſt and moſt perfect. And 
here, the more there is of the Salt, and the leſs of the Flint, the more fine and 
perfectly tranſparent will the Glaſs be: But then its charms are not of long 
continuance, as It 1s very ready to crack and flaw, either by Fire, or Water, by 
which means it loſes both its beauty and tranſparency : It is apt too to damage 
things that are put in it, and very often quite ſpoils them; as Tea, which in 
a green Glaſs ſuffers no manner of alteration, in the moſt beautiful ſort loſes all 


its vertue. For our buſineſs therefore we always chooſe the green Glaſs, which 


is moſt durable, and is compoſed of a larger proportion of Sand, and a leſſer 
of Salt, kept melted for a conſiderable time in a ſtrong Fire. But theſe hints 
are ſufficient ; as you may conſult upon this head, the valuable Antonius Neri 
of Florence, in his Book De Arte Vitriaria ; the famous George Agricola, in his 
ſeventh Book of Foſſils; that celebrated Engliſhman, Dr. Chriſtopher Merret, 
in his obſervations and Notes upon Neri; and John Kunkel, who, at the vaſt 
expence of that truly generous Prince, the Duke of Brandenburg, brought this 
Art almoſt to its greateſt degree of perfection; as appears by his commentary 


_ upon Neri, which he publiſh'd at Leip/ic in 4to, in the year 1679 3 but more 


eſpecially in the Tract De Gemmis Artificialibus, which is annexed to it. 

There is another kind of Glaſs, that is tranſparent likewiſe, but at the ſame 
time ſo inriched with ſome beautiful Colour, that it almoſt vies with the bright- 
eſt natural Gems. This noble invention now owes its origin to the chemical 
Art, and truly imitates nature, by intimately mixing the infinitely divided par- 
ticles of Metals with the pureſt, and moſt perfect Glaſs ; and by this means, 
giving it a laſting beauty. .So that, in reality, there are ſcarce any ſtones, va- 
luable on account of their Colour, whoſe agreeable appearance this Glaſs can- 
not be made to reſemble, And indeed, ſhould ever any perſon happily im- 
prove the Art of Glaſs to that degree, as to be able to increaſe its weight b 
Fire in a ſeſquialter proportion, we may . by the aſſiſtance of Metals, 5 

| 2 | artincla 


In making 


artificial 


Gems. } 
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artificial Gems of the ſame brightneſs, with thoſe that are the true production 
of nature; for the more denſe and ſolid the pellucid matter is, the ſtronger will 
the colour of the Metal appear, that is diſperſed through it: But as this con- 
denſation of Glaſs has hitherto been beyond the reach of Art, the ſubſtance 
of the artificial Gems is leſs denſe than that of the natural ones; and conſe- 
quently the vibrations of the rays of light are more weak and languid, and 
want that vividneſs that is peculiar to the other. Some have, indeed, attempted 
to increaſe its weight by à mixture of Lead; but then, it grows too ſoft. It 
is well worth while therefore, for the lovers of Chemiſtry, to employ their ut- 
moſt endeavours for finding out a method of condenſing of Glaſs; for it cer- 
tainly will abundantly recompenſe all their labours. There is yet a ſecond 
thing requiſite to the perfection of artificial Gems, and that is, the giving 
Glaſs ſuch a degree of hardneſs, that it may not by wearing, loſe the luſtre 
of its poliſh, but retain its beauty, and put on the incorruptible nature of a 
natural Unit. And laſtly, when we have communicated to it a proper ſplt- 
dity, and hardneſs, we muſt afterwards colour it with ſome rich metalline Tinc- 
tures; and then, we might by Fire form the Maſs thus prepared in- 
to multangular Bodies, that would excell the natural Gems, both in magni- 
tude, and variety. For we have an incredible number of the choiceſt colours, 


that might be either intimately mix*d with the Glaſs when 'tis in fuſion ; or 


be diſpoſed upon its ſurface, and by the aſſiſtance of Fire, be made to pene- 
trate into its ſubſtance, if that ancient Art ſhould again be reſtored, Now it is 
Chemiſtry alone that furniſhes us with theſe three principles, on which the ar- 
tificial way of making Gems intirely depends, and gives us frequent opportu- 
nities of improving this beautiful Art. 5 

As the greateſt maſters, however, in the chemical Art, have never been able 
to give artificial Glaſs a requiſite weight, and hardneſs, ſome of the ſubtleſt of 
them took it into their heads, that the moſt clear and perfectly pellucid foſ- 
fil Chryſtal, might poſſibly anſwer the ſame purpoſe; for this being naturally 
very heavy, and hard enough to cut Glaſs, wants only colouring with ſome 
metalline Tin&ure, without deſtroying its tranſparency, or the beauty of its 
poliſh, to make it nearly reſemble natural Gems. This therefore they attempted 
by heating the Chryſtal red hot, and then extinguiſhing it in colour'd Li? 
quors ; but the flaws that were occaſion'd in this operation diſappointed their 
expectation, which would otherwiſe in ſome meaſure have been anſwered. See 
Boyle of Gems, p. 19. 44. Others have endeavour'd the fame thing, by ce- 
menting Chryſtals with different kinds of Metals, and not without ſucceſs ; for 
the Metal being afterwards melted, and forc'd up by Fire, penetrated intimate- 
ly into their ſubſtance. And it is poſſible, that ſome time or other, there 
may be diſcover'd ſome artificial Pigment rich with a metalline Colour, 
which being incruſtated over Chryſtal, may by Fire, be perfectly diffuſed 
through its whole Maſs, and give it a moſt beautiful brightneſs. Now theſe 
methods, which ſeem the moſt likely to produce ſomething conſiderable in 
this elegant Art, depend ſo intirely upon Chemiſtry, that there is not the leaſt 
reaſon to expect any aſſiſtance in this affair from any other Science. 

As for the Art of Metals, the knowledge of Chemiſtry is ſo neceſſary to 
this, that it ſeems to claim it wholly to itfelf. I don't mean here that Art, 
which conſiſts in the boaſted production, and tranſmutation of Metals; 2 


Theory of the AR T. 
I ſhall honeſtly relate thoſe few things, I have, upon mature deliberation, been 


able to diſcover, when I come to diſcourſe of the uſefulneſs of the chemical 


Art in Alchemy. In this place I would be underſtood to treat purely of that 
Art, which teaches us how to prepare Metals for the ornaments and uſes of 
life. Gold, for inſtance, is frequently of a pale colour, and that from a great 
many cauſes z now this the Chemiſt, by a cement, or Regulus of Antimony, can 
heighten in the Fire to a moſt beautiful yellow. This we ſee at preſent in the 
gold coin of Holland, which far excels all other in its particular luſtre; for 


which, we are beholden to the curious and peculiar ſkill of the maſter of the 


Mint. The ſame Metal, when it is perfectly pure, is from its natural ſoftneſs 
unfit for coining; byt, tempered with a proper alloy of Copper chiefly, or 
Silver, it excellently anſwers that valuable purpoſe. Silver, in like manner, 
is too ſoft, and ductile, either for coin, or the common uſes of life; but is 
eaſily rendered fit for both by a due admixture of Copper. Tis needleſs to 


mention Braſs, which is a compoſition of Copper and Lapis Calaminaris, and 


much reſembles Gold in the brightneſs of its colour ; or that Metal made of 
Copper and Zincq, called Prince Robert's Metal, which being nicely gilt vies 


in luſtre with the moſt beautiful Obrizum Gold. As for the Art of Gilding 


the baſer Metals with Silver, or Gold, how curious is that Art, and how va- 
luable? Theſe now are all inſtances of the ſervice of Chemiſtry in the metallic 


Art; and though they are few indeed, yet they ſufficiently demonſtrate what 
an infinite number of effects might be produced, would the ſkilful Chemiſt 


make a proper uſe of his Art in the various compoſitions of Metals. Nor 
even in this affair don't Medicine receive ſome advantage; witneſs the 
cups made of Regulus of Antimony tempered with other Metals, which com- 
municate a medicinal quality to the Wine that is put in them. And it is 
ten thouſand pities the famous Yan Helmont ſhould have been ſo unkind to his 

r fellow creatures in diſtreſs, as to conceal from us the Art of making a 


particular Metal, which he teils us made into rings, and worn only whilſt one 


might ſay the Lord's Prayer, would remove the moſt exquiſite hæmorrhoidal 
pains, both internal and external, quiet the moſt violent hyſteric diſorders, 
and give eaſe in the ſevereſt Spaſms of the Muſcles. p. 745. $ 39. *Tis right, 
therefore, I think, to proſecute Inquiries of this nature; for there is very fre- 
quently ſome hidden vertues in theſe Compoſitions ; and we may make a vaſt many 
Experiments of this kind without any danger or inconvenience. Metallurgy 
again, that conſiſts in the knowing and diſtinguiſhing the foſſil glebes as they 
are found in their ſubterraneous veins, and thence producing pure and perfect- 


ly diſtin Metals, depends intirely upon our Art. This is plain, even from 


this conſideration, that Chemiſtry owed its origin principally to Metallurgy ; and 


this, by modern inventions, it now again vaſtly aſſiſts and improves. But we 


need not ſtay much upon this Head, if you will carefully conſult George Agri- 
cola, Lazarus Erkerus, Fohn Rudolphus, Glauber, and others, who have for the 
molt part borrowed what they have, from theſe. For your greater ſatisfaction, 
however, I will give you three or four Examples. It is a known thing among. 


the Chemiſts, that it is very eaſy to prepare a matter, which being mixt with 
Gold, Silver, and other Metals will render them ſo volatile, that they may 


in a glaſs veſſel be brought over the helm with a moderate heat. And ex- 
pericnce as certainly evinces, that. there is very often in the native Glebes that 
V e e contain 
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contain the richeſt Metals a certain ſubſtance, which, when the foſſil is ex- 
poſed to the management of the Fire, carries off a great deal of the Metal 


with it, to the prodigious loſs of the Owners. There is, for inſtance, a vola - 


tile, noxious Sulphur very often united with Gold aud Silver, which diſperſes 
vaſt quantities of theſe Metals into the Air whilſt they are only torrified by the 
Fire. But the induſtry of the Chemiſts has diſcovered certain methods, by 
which they can at once render theſe volatile Glebes fo fixt, that they will 
bear fuſing in the ſtrongeſt Fire; and by this means the Metals will be ſepa- 
rated from every thing elſe. You know that Regulus of Antimony, mixt with 
a double quantity of the corroſive Sublimate of Mercury, will by a gentle 
Fire be changed into a fat ſubſtance that is extremely volatile ; and that this 
by a moderate degree of heat will riſe in deadly Vapours, and by the repeated 
action of the Fire become at laſt a limpid Oil that fumes ſpontaneouſly. 
This, I remember, I have frequently both explained to you, and demonſtrated 
before you. Pour, now, upon this Oil an equal quantity of pure Water, and 


it will preſently in a ſurprizing manner turn of a white colour, and precipi- 


tate a White metallic Ca/x of Antimony, which is ſo capable of bearing the 
Fire, that it may be intirely melted into a maſs like Silver, and 1s the fineſt 


Regulus of Antimony that Art can produce. Let us therefore, from this 


| ſimple Experiment, learn to mix Water with the volatile Glebes, and obeſerve 


whether by this manner of treating them, they won't yield a greater quantity 


of the richer Metals than they did before. Iron likewiſe being added to theſe 


Pores in their calcination, oftentimes ſo abſorbs the Sulphur, that it cannot 


carry off the metalline Particles along with it. And the fixt alcaline Salts 


too have ſaved a great deal of treaſure by ſubduing and reſolving the Sulphurs, 
or Acids, which being diſperſed through the metallic ſubſtance made it volatile 
in the Fire, The richeſt Silver Mines of Peru are unfortunately infeſted with 
a pinguious matter, which makes the Glebe of a volatile nature when it comes 
to the Fire, by which means there was formerly an incredible quantity of 
Silver intirely loſt, But the Chemiſts have now inſt ructed us, firſt, to torrify 
the Ore with a gentle Fire, then, to reduce it into powder and rub it with 
Mercury, afterwards to waſh it in a proper manner with water, and laſtly to 
collect the Silver together into one maſs, by putting the matter thus prepared 
into a Retort, and forcing out the mercurial Particles with which it was united 


and fince this has been practiſed there has been ſcarcely a grain loſt ; by which 


means there is an infinite deal of wealth preſerved, which would otherwiſe 


have been diſſipated into the Air. The difficulty of perfectly ſeparating Silver 


In the Art | 
of War. | 


from the Tin that is found mixt with it, uſed to be a matter of great concern, 
both to the Miners, and the perſons employed in the docimaſtic Art: But 
ſince we have learned from the Chemiſts that by the admixture of melted 
Copper the Tin may be eaſily diſingaged, and carried off, we can collect the 
Silver pure from the aſhes with a great deal of eaſe, and little expence. There 
are a thouſand other advantages for which Merallurgy is indebted to the Art 
of Chemiſtry ; but you don't expect that I ſhould be more particular upon 
this ſubject; nor indeed will our preſent buſineſs permit it. 5 

Again, the chemical Art alone furniſhes us with a great number of inſtruments of 
War, that were intirely unknown to the ancients, and which, indeed, are ſo deſtruc- 
tive to the moderns, that we ſhould have been happier without their diſcovery. But 
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as the eviland reſtleſs ſpirits of ſome part of mankind are perpetually the occaſion 
of War, and violence; hence *tis abſolutely neceſſary that we ſhould be able 
to repel force by force, in order to defend and ſecure ourſelves; and in this, 
money excepted, the whole ſtreſs lies at preſent upon the Inventions of Che- 
miſtry. In the twelfth century Gunpowder was found out by Roger Bacon in 
England and with this he imitated Thunder and Lightning, but to the hap- 

ineſs of that age did not employ this wonderful diſcovery for the deſtruction of 

is fellow creatures. About two hundred years after, Bartholdus Schwartz of 


Germany, a Monk and Chemiſt, accidentally. obſerving the ſudden expanſive | 


power of this powder, whilſt he was preparing it for medicinal uſes, immediately 


made a trial of its ſurprizing force in an iron Tube, and ſoon applied it to the 


Art of War, and taught it the Venetians. And indeed the whole force of War 
now a-days conſiſts ſo much in this chemical Invention, that by the help of 
this the weakeſt boy may overcome the moſt valiant hero; nor is there any 
thing, be it ever ſo ſtrong, that is able to ſtand againſt its ſtupendous power. 
The great Coeborn, therefore, General of the Duich forces, wiſely conſiderin 

the efficacy of this chemical Diſcovery, immediately changed the whole Art of 
War, and all the methods of defence; ſo that thoſe fortifications which were 


formerly looked upon as impregnable, are now not able to ſecure the perſons 


that defend them, or preſerve them from danger even within their own walls. And 
indeed the power of this wonderful Powder, is yet more and more to be dreaded. 
As for that Powder which is compounded of Sulphur, Nitre, and the burnt 
Fezces of Wine, the force of it is ſo prodigious, I can ſcarce mention it with- 
out ſhuddering. Who can think of the violent exploſive faculty of Aurum 
Fulminans, and not be aſtoniſhed ? When we mix the chemical Oils of the 
moſt fragrant Aromatics, with a liquor extracted from Salt of Nitre, we pro- 
duce ſomething vaſtly more powerful than Gunpowder itſelf, which ſponta- 


neouſly, without the application of Fire, rages in a moſt furious manner, And 
laſtly, which it gives me pain to mention, let me here put you in mind of that 


melancholy accident, which happened in Germany from ſome Balſamum Sul- 


pburis terebinthinatum, which being unfortunately quite ſtopped up in a Bolthead, 
the glaſs burſt by the heat of the Fire with a prodigious exploſion, far ſuperiour 


to any of the former. Heaven grant that the noble Inventions of this valuable 
Science may be no farther improved by rhe craftineſs of mankind to the deſtruc- 
tion of one another ; the fear of which obliges me to conceal many things, I 
could otherwiſe mention, that are ſtill much more pernicious, and deteſtable. 


That the ancient Magi of Afa were men of ſuperiour wiſdom, I think is ſuffi- x, natura! 
ciently agreed by the learned world. And that this name has not always ſigni- Magie. 


fied evil Agents, Contrivers of miſchief, and Slaves of the Devil, is evident 
from the Mayo ano evarchuv, mentioned by St. Maithew, who were famous 
for their knowledge of the Stars, and ſincerely worſhipped the true God, by 
whom they were accepted. That they were in great eſteem too with the Princes of 
that country, in ancient times, and conſulted in their moſt weighty affairs, we 
have related in abundance of places of Hiſtory. And we find that Zoroaſtres 
himſelf, the King of the Bactrii, who was the founder of this ſect, is chiefly ex- 
tolled for his knowledge of the heavenly bodies, whoſe motions, and the prin- 


ciples of the world, he is ſaid to have ſtudied with a great deal of application. 


Fuſtin, I. 1. For this reaſon therefore, as Cicero tells us, the Perſian Kings were 
„ 3 . | | inſtructed 
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inſtructed in the Art of Magic, before they were admitted to the government. 
De Divinat. I. 91. And he likewiſe aſſures us, that the Magi in Perſia were 
looked upon as perſons of great wiſdom, and learning. De Divinat. I. 47. 
It happened afterwards that an illiterate ſet of men, greedy of fame and riches, 


_ endeavoured by their deceitful cunning, and jugling tricks, to imitate the pro- 
found knowledge of theſe Wiſe Men; but their frauds being often openly de- 


tected, the Magic Art came to be baſely exploded ; which has frequently too, 
though undeſervedly, been the fate of Mathematics. The employment of the 
true Magi was to ſearch carefully, and curiouſly into nature; by which means 
they often diſcovered things that were concealed from the obſervation of others, 
and which the all-wiſe Being deſigned as the proper rewards of laborious ſtudy 


and application. Hence the ignorant regarded them as men endued with more 


than human knowledge, which they imagined therefore they received by the 
intercourſe and inſtructions of Dæmons, and for that reaſon paid them great 
reverence, tho' more out of fear than any real reſpect. And this they were the 


more naturally led into, as it has been a prevailing opinion of all ages, that 


there are two kinds of Spirits, the one good, the other evil; and that theſe 


being perfectly ſkilled in natural knowledge, and moved the one with love, 


the other with enmity to mankind, endeavour by their {kill to allure them into 
their ſervice, the good, in order to make them happy 3 the evil, with a deſign 
to make them miſerable. Whether this way of thinking be juſt, or no, I do 
not here examine, The perfections, powers, inſtruments, and hidden faculties 
of nature, the production of ſupreme Wiſdom, vaſtly, I confeſs, exceed my com- 
prehenſion. By that little however which we do know, we are diſpoſed to be- 


lieve, that there lies hid in the boſom of futurity, an infinite number of things, 
that will ſome time or other be clearly revealed to mankind, of which at pre- 


ſent there is not the leaſt ſhadow of appearance. Who can deny, that there 
may be beings, who have a faculty of looking more intimately into nature than 


the moſt ſagacious human mind was ever capable of? Who can demonſtrate * 


but that theſe Spirits, without corporeal aſſiſtance, may be able to get acquainted 
with Bodies, underſtand their powers, perceive. the chain or order of cauſes, 
ſee things preſent, foreſee things future, and know things that are paſt? Nor 
is there any abſurdity in ſuppoſing, that theſe Dzmons may inſinuate their 
thoughts into human minds; ſince we at preſent are no more acquainted with 


the connexion, and mutual intercourſe of thinking beings, than we are with 
the number of different kinds of beings, that are endued with underſtanding, 


will and affections. Nay even the manner of motion's paſſing from the mov- 
ing body into 'the body it ſtrikes againſt, is more than we are able hitherto 
to explain, Will any perſon dare to aſſert that it is impoſſible for thin incor- 
Poreal images to fly about in a hollow empty form, that has in the open Air 
ſeen the Spectres reflected from a concave Speculum, which ſo ſtrongly, and 
perfectly _repreſent the dimenſions, colours, and every thing that appears in 


the ſolid bodies, that one can't help being ſurprized even though one is aware 


of itz and yet if you offer to touch them, you find them a perfect ſhadow ? 


And as our foul is united to a body, by whoſe aſſiſtance it perceives things 


without us why may not every one of theſe volatile Species have a ſpirit im- 
planted in it, capable of penetrating, moving, and changing every thing? 
Whether theſe things are ſo, or not, I don't pretend to determine; *cis poſſible 
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time may diſcover it. Nor will I aſſert, that there have been perſons who by 
the aſſiſtance of Demons have been able to know, and do more, than the 
could have done by their own natural powers; nor yet will I abſolutely deny 
it. *Tis an argument of too much preſumption and vanity in us, who ſcarcely 
know any thing, to take the liberty to ſpeak confidently of things that are 
far above our reach. I would not have you imagine, however, that I deſign 
by this to perſuade you to believe, a parcel of old wives fables, the reveries 
of idle perſons, the ſtories of credulous ones, or the fictions of thoſe that. deſign 
to delude us. Nothing leſs! I am too ſenſible that it is with the ignorant 
chiefly that theſe things find credit; with men of ſenſe very rarely; and that 
always the leſs, the more cautious we are, and the more circumſpection we uſe, 
that we are, not impoſed upon. As for the foretelling things future; the diſco- 
vering of ſecrets; the railing the paſſions of the mind, and fixing them upon 
i any object one has a mind to; the creating, removing, or aſſwaging diſtempers 
buy numbers, words, ſigns, figures, inarticulate murmurs, charms, little images, a 
1 look, or laying on of hands; the changing one's ſelf, or others, into different 
4 forms; the making perſons inviſible that are in your company; riding through 
F the Air at one's pleaſure; the giving life, ſenſe, motion, voice, and affections 
to inanimate beings; the calling up of Ghoſts, Dæmons, Spirits, and the Bodies 
of the departed 3 the maſtering, driving away, and binding of Spectres; the 
obtaining of honours 3 the finding of treaſures; the making money always 
return back again into its maſter's pocket; the rendering Bodies invulnerable; the 
L getting the better of one's enemies; the fixing them like ſtatues at one's plea- 
4 {ure 3 the ruling the Elements; the overcoming even nature herſelf, ſo that 
- neither Fire or Water ſhall have any power over us; the raiſing meteors in the 
Air by a command; the taming and governing the moſt furious wild beaſts, 
purely by incantation ; and the producing ludicrous appearances only with a word; 
theſe, and ſuch like things, are what the true Magi never 8 to, but 
are only the boaſts of crazy-headed people, which the ſuperſtitious are apt to 
believe, and the wicked ſometimes invent in order to delude the credulous, 
and get them into their power. Againſt ſuch fooliſh notions as theſe, that fa- 
mous Author, whom I have before mentioned with reſpect, Roger Bacon, 
wrote with a great deal of ſtrength, and ſhews us that there is in reality no 
ſuch magic Art in the world; nor does he believe there ever was. On the 
contrary, he carefully inculcates, that there do actually reſide in natural Bodies, 
certain latent and hidden powers implanted in them by their Creator, by which 
as wonderful effects may be produced, as were ever aſcribed to the borrowed 
aſſiſtance of the Devil: That theſe. qualities however cannot be diſcovered with- 
out a very laborious, and diligent inquiry; but that when by aſſiduous Study, 
and proper repeated Experiments, they have been once found out, they may then, 
by a due application of them to one another, be made uſe of for the production 
of ſuch things as, to perſons unacquainted with theſe properties, will ſeem con- 
trary to the laws of nature, and will therefore be concluded to be the effects 
of a preternatural power. And this kind of true ſubſtantial knowledge may 
—properly be called natural Magic. This is that magical Art which J would 
endeavour to recommend; and this in reality is very ſerviceable to mankind, 
very entertaining to perſons that are acquainted with it, and by its wonderful 
Operations very well ſuited to ſhew forth the praiſe and glory of me great 
K Mu ; reator 
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Creator. Indulge me a little, and Ill give you a few Examples of this, 
which intirely depend upon the chemical Art. Suppoſe an Author of undoubted 
veracity that lived a thouſand years ago, ſhould have told his poſterity, that 
there was in his time a man who publickly gave out before a vaſt number of 
witneſſes, that a prodigious tower, which they there ſaw at twenty furlongs: 
diſtance, ſhould at a certain point of time ſpontaneouſly riſe into Air, and pre-- 
ſently fall down again in ruins; and that it happened RO as he had fore- 
told; would not every one that read this look upon it as a fabulous ſtory, or 
elſe, regard it as the effect of a power ſuperiour to that of men, or even nature 
itſelf, and conſequently aſcribe it either to the Divine Being, or ſome infernal 
Spirit? And yet if you imagine that at that time there was hut one man in the 
world, ſuch a one for inſtance as Mahomet, or Haly, that was acquainted with 
the force of Gunpowder, and that he had conveyed a ſufficient quantity of it 
under the tower, and according to the modern invention had artfully diſpoſed: 
a piece of clockwork in, ſuch a manner among it, that at the very moment of 
time that he had fixed, it ſhould by ſtriking a flint againſt a piece of Steel 
ſet fire to the Gunpowder ; you ſee with how much eaſe he might have per- 
formed this ſurprizing miracle, by which he would certainly have gained fo 
much credit, not only with the common people, but even with men of under- 
ſtanding, that he might have influenced their minds in what manner he had 
pleaſed. When the ſecret indeed comes to be diſcovered, our admiration 
ceaſes; and we then look upon theſe things as the production only of natural 
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| 7 powers, which before we thought ſuperiour to any magical Miracles that: have 
; ever been related. Not that even at this time the moſt ſagacious perfon liv- 
ö ing can truly comprehend the cauſe of this ſurprizing effect; but we are falſly- 
; apt to imagine that we perfectly underſtand thoſe things, which we ſee very. 3 
4 frequently happen. It is poſſible in the ſame manner for a perſon to foretel, 
| that in an hour's time there ſhall happen an Earthquake in a certain part of the 
* | | earth, which ſhall at firſt ſend forth a prodigious black ſmoke, and afterwards 
burſt out into crackling flames. People indeed that heard it would be apt to 


laugh at us; but then certainly they would be as much ſurprized when the 
found it to be true. And in order to this, take only equal parts of freſh filings 
of Iron and pure Sulphur, rub them together, and with a little Water make 
them into a paſte of about fifty pounds weight, then put this a foot and a 
n half under ground, and ram the earth hard down upon it, and your prediction 
will be fully compleated. Surprizing effect! that cold Iron, inactive Sulphur, 
and cold Water, only by being mixt together, ſhould, under a weight of earth, 
be capable of producing Heat, Smoke, Fire, and Flame, without the leaſt aſſi- 
ſtance of Fire, But again, there is a ſtory of a Tutor, who after all other 
endeavours to. no purpoſe, by a contrivance borrowed from Chemiſtry, hap- 
pily reclaimed a noble youth, who by his diſſolute life brought diſgrace both 
upon himſelf and family, and ſeemed paſt all hopes of amendment; and this 
was in the following manner : - One night as he lay in the ſame room with this 
young Gentleman who. was faſt aſleep, he got out of bed ſoftly, and with 
fome Engliſh Phoſphorus wrote his name in large letters on a board that was 
at the feet of the bed, and added three words, intimating that if he did not 
immediately repent, he muſt expect to die in a very ſhort time: When he 
had done, without diſturbing his pupil he ſtole gently to his bed again, ne 
| then 
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then made a great noiſe on purpoſe to wake him, and laid himſelf down as if 
he was aſleep. The youth preſently ſtarted up in his bed, and liſtened 
attentively in order to diſcover the occaſion of his ſurprize, but heard no- 
thing except the ſnoring of the other, who feigned himſelf aſleep ; but looking 
accidentally towards the feet of the bed, he ſaw ſome letters ſhining with a 
blue light which vaſtly aſtoniſhed him. Upon this, he calls to his companion, 
and ſhews him the writing; who making as if he knew nothing at all of the 
matter, - profeſſed that he did not ſee any thing ; which ſo much the more 
increaſed his terrour. The ſervants who were not in the ſecret, were then called 
to bring in ſome candles, upon which the letters diſappearing, they declared 
too that they ſaw nothing; and indeed the youth himſelf was aſtoniſhed to 
find that the writing was vaniſhed, The ſervants went away again, but left 
a candle which happened to ſhine upon the board ; the tutor ſets down by his 
pupil and perſuades him to go to ſleep, tells him *twas only a dream, and 
then goes to bed himſelf, and puts out the candle. As ſoon as ever the 
room was dark, the youth no/ſooner looked towards the fatal place, but he 
again ſaw the ſame letters, at which being vaſtly frightened, he cries out, and 
begs his tutor to come to him; who then pretending+ himſelf to be afraid, 
confeſſed that he did indeed fee the writing, and that not without a great 
deal of aſtoniſhment; and then took this occaſion to admoniſh him ſincerely 


to repent, in obedience to this Miracle, and calling for a candle ſpent the re- 


mainder of the night with his pupil, who was under great concern, and was 
brought by this means to a better way of life. Now this ſtory, if it is true, as 


67 


I have frequently heard it affirmed, is an Example of natural Magic from 


the chemical Art: If it is only a fiction, it is certainly a poſſible one, ſince ſuch 
things may at any time be effected by the help of Phoſphorus, as nobody 
that knows any thing of the matter will deny. If the power of Phoſphorus 


be ſo far weakened by a ſoft Oil, that it may be applied to the ſkin without | 


burning it; then the face being rubbed with this Oil will ſhine terribly in the 
dark; and yet upon the approach of a light the ſhining will intirely diſappear 


which being again removed, the countenance will regain. its former brightneſs, 


than which nothing certainly can be more ſurprizing. Suppoſe now a perſon 
was to anoint his face, hands, hair, and beard with this ſort of Oil, and then 
diſpoſe himfelf in ſome dark place; would not the credulous vulgar pre- 
ſently imagine there was ſomething in it celeſtial, angelical, or divine, and be 
ready to believe any thing upon ſuch a one's authority? Give me leave yet to 
mention another thing, which you yourſelves have been here often eye - witneſſes 
to, and that is, the ſurprizing effect of mixing together two liquors perfectly 


cold, which in a moment boil up in the moſt furious manner, and burſt out 


into a beautiful lame. Now if the thickneſs and blackneſs of the ſmoke, and 
the brightneſs of the flame is ſo aſtoniſhing in the middle of the day, would 
it not to appearance be vaſtly more terrible, if the Experiment was performed 


in the dark, when the flaſhes of the light muſt be abundantly more viſible? 


And, indeed, if we compare this wonderful Phenomenon, with the ſtories that 
are told of magical Spectres, I verily believe we ſhall ſcarcely find any of them 
that will equal it. Now this is the effect only of one drachm of one of the 
liquors and two of the other; what therefore muſt be the event ſhould pounds 
of them be mixed together? 8 the force of the ſmoke, and _ 
"T1 2 wou 
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would be infinitely great, nor any ways to be reſtrained, but would over- 
throw every obſtacle that ſtood in its way, and deſtroy, and conſume every 


thing about it with a Fire not to be extinguiſhed. And which is till. 


more ſurprizing, if the ſame Experiment is performed in vacuo, it acts with. 
ſo much the more violence, and in the very inſtant of mixing, tears every thing 
to pieces, and flies about with a force ſuperiour to the ſtrongeſt Whirlwind. 
The impetus of this Fire is certainly of a vaſtly different nature from that 
which was raiſed about Creuſa's head by Medea; for by the ſtrength of this even. 
the whole court might have been blown down and turned into aſhes. But 


again, who has ever heard, or read of any thing ſo wonderful and terrible at. - 


cribed to the magic Art, as we have known effected by Balſamum Sulphuris 
terebinthinatum? which being cloſely 'confined in a Bolthead, and forced by a 
ſtrong Fire, burſt the veſſe] with a ſtupendous noiſe, and produced ſuch 
ſtrange and peculiar effects, that in all the extraordinary Phenomena J have 
read of Thunder and Lightning, I don't remember ever to have met with any 
thing that equalled them. See the Obſervationes Phyſico-Chemice of the fa- 


mous Frediric Hoffman, lib. III. Obſ. 15. where you will find an account of 


many things which you would have thought abſolutely impoſſible to be effected 


by the powers of nature. Among others, you have there ſome very ſurpri- 


Zing effects of Spirit of Wine, which a Cooper putting into a ſtrong caſk with. 
ſome lighted Sulphur, and then perfectly cloſing it up, there followed a moſt 
violent exploſion, that tore the veſſe] to pieces, and was the occaſion of ſome 
accidents that are almoſt incredible, But laſtly, when we ſee the ſkilful Che- 
miſt take a parcel of clean glaſſes, and in a moment's time produce all forts 
of colours, and as ſuddenly deſtroy them, then renew them again, and vary. 
them at his pleaſure, does not this, to a perſon that never ſaw it before, or 
knew any thing at all of the matter, appear ſupernatural, and even greater than 
the power of Magic? There arean infinite number of other inſtances to the ſame 
purpoſe ; but let theſe ſuffice to demonſtrate the uſefulneſs of the chemical 
Art in natural Magic. Give me leave, however, to treſpaſs upon your pa- 
tience a little longer, whilſt I add a few more obſervations upon this ſubject. 
The Divine Being has created the human Species in ſuch a manner, that thoſe 


in particular, who are in ſome meaſure adult, and enjoy a perfect ſtate of 


health, are capable of perceiving and underſtanding the changes and properties. 
of the things about us, that have a power of producing ſome alteration in the 


Organs of our Bodies, and by this means exciting ideas in our minds. This is. 


evident beyond all contradiction, let the immediate cauſe of it be what it will. 
Now the firſt time that this happens to us in our life in any extraordinary in- 


ftance, it generally affects our minds in ſuch a wonderful manner, that it en- 


groſſes all our faculties, and often gives us an infinite deal of pleaſure 3 though 
fometimes indeed it proves too ſtrong for our mortal powers, and quite overwhelms. 
us. The Illuſtrious Boyle tells us a ſtory of a man that was totally blind from 


his childhood, occaſioned by a Cataract in each eye, which afterwards being. 
happily couched by a ſkilful hand, he was inſtantly reſtored to his ſight. But 


what was the conſequence ? Why, the man was at firſt ſo vaſtly tranſported. 
with the pleaſure of ſeeing, that his ſenſations were raiſed to ſuch a degree, and 


his Nerves ſo ſtrongly affected, that he garrowly eſcaped falling into a Deli- 


auium. They were forced therefore immediately to cover up his eyes, and af- 
Oo _ terwards. 
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Theory of the ARF. 
terwards to let in the light a little at a time, and thus accuſtom him to it by 
degrees; by which means, never any thing like it happen'd to him afterwards. 
For the fame reaſon, the Author of Nature has wiſely provided, that the 
aqueous humour of the eyes of children ſhould be always turbid, and ſome- 


what opake, when they are firſt born, and afterwards by degrees become pel- 
lucid. And in like manner the external orifice of the Meatus Auditorius is 


conſtantly cloſed up with a fort of callous membrane, and the paſſage itſelf _ 


has not its proper length and curvature, by which the force of every ſound 
would be vaſtly increaſed; by which means the child, when it comes firſt in- 
to the world, is ſecured from any inconvenience that might otherwiſe ariſe 
from the noiſes about it. Afterwards, indeed, as it grows able by degrees to 
bear ſtronger ſounds, the acouſtic tube is lengthen*d, and the membrane drops 
off of its own accord. And here give me leave to obſerve, how imprudently 
thoſe people act, who ſuffer the children of Princes and great men, to be ex- 
poſed to the light of abundance of candles, and ſhock'd with the noiſe of 
cannon fired at a ſmall diſtance from them, as ſoon as ever they are born. 
If perſons therefore of this rank, ſhould ever be committed to any of your 


care, as ſeems promiſing from your Genius's, and indefatigable application, 


be ſure take care, that the tender infants are not injured in this manner; either 
by wholly forbidding it, or at leaſt adviſing, that it may be put off till a 


more proper opportunity. But to return: You know that we are affected in 
a different manner by things we are uſed to, and by things that happen but 
ſeldom: Hence it comes to paſs, that being deceived by cuſtom, we are apt 


to think we perfectly underſtand the nature, and cauſes of the former, whilſt 


we look upon the latter as ſomething miraculous, and are ready to believe, that 
they cannot be accounted for by the common laws of Nature. Thoſe appear- 


ances therefore, that fall frequently under our obſervation, tho? in reality we 


are perfectly ignorant of their cauſes, we readily call natural; and on the other 
hand, thoſe, that offer themſelves to us, in a manner quite uncommon, we 
conclude to be above the power of Nature. And hence, when we ſee any phy- 


ſical Phenomena, which are not produced by the natural Powers which we ob- 


ſerve in thoſe Bodies which we have chiefly to do with, but depend on the. 
ſingular propertics of ſome particular Bodies which we are perfectly unacquaint- 


ed with, there preſently ariſes in us a ſuſpicion of Magic. Of this, give me 


leave to mention the following inſtance. Count Furſtemburg, a military officer, 


coming one day into a ſhop, where they were filing ſome iron and braſs, and 
ſecing the filings promiſcuouſly ſcattered one among another, he {mid upon 
Zwinger, who was then at his work, and ask'd him in a joking manner, what 
he ſhould give him to ſeparate the particles of Iron and Braſs perfectly from 
one another? Zwinger merrily anſwer'd, he would do it for a very ſmall mat- 


ter; nay, even for a bottle of wine. This being agreed to, he took a Load- 


ſtone, and applying it to the heap, with a ſort of incancation, to amuſe the 
Count, calPd the filings of Iron, which came leaping and running to the 
Stone, and left the Braſs intirely by itſelf. The Count, who had never ſeen or 
heard of any thing of this nature, tho? a wiſe officer, and brave ſoldier, imme- 
diately cry'd out, that it was done by the power of the magic Art. See Zwin- 
ger*s Treatiſe, 239. But laſtly, and I have done, when we obſerve any uncom- 


3 ſome 


mon changes in the appearances of the Bodies about us, which depend upon 
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ſome qualities of thoſe Bodies, which nature never diſcovers of herſelf, but 
which-then only-appear, when the Bodies have been properly prepared, either 
by art or accident, we are then, too, ready to look upon ſuch Phenomena, as 
the effects of Magic; which the following example may ſerve to illuſtrate, 
If you take the very cold Saltof Nitre well dried, and mix it with half its quan- 
tity of the pureſt Oil of Vitriol, and then put this mixture into a Retort, and 
by the help of Fire force it into a dry Receiver, in form of a very red, vo- 
latile, acid, fiery Spirit, you will then have ſuch a Liquor, as has never been 
produced either by Nature or Art, in any other manner than this, which was diſ- 
cover*d by Glauber. Again, take any of the choiceſt ſtrongeſt aromatic Vegetables 
that grow in the hotteſt Climates, boil them ſtrongly in pure Water, and con- 
fine the Vapour with a proper head in ſuch a manner, that it may paſs through 
a Tin worm every way ſurrounded with cold Water, and it will be condenſed 
in form of Water, at the bottom of which you will find a fragrant heavy 
Oil, that perfectly expreſſes the qualities of the Spice from which it was di- 
ſtilled. And this Liquor too, is the ſole production of this operation. Take 
now one part of chis Oil, and pour upon it in a quiet veſſel, two parts of the 
abovementioned Spirit, and there will immediately ariſe a moſt violent conflict 
between them, they'll puff up, cauſe a furious ebullition, and throw out a 
Kind of lightening, that conſumes every thing that is near it. Here then you 
ſee a Phænomenon, the cauſes of which are implanted in theſe Bodies, but in ſuch 
a manner, that they never diſcover themſelves, except they are firſt managed 
and prepared in the manner deſcrib'd; and conſequently, the knowledge of 
producing theſe extraordinary Motions, and Flame, depends intirely upon the 
three circumſtances taken notice of; nor can they be effected in any other na- 
tural way. Hence then we conclude, with how little reaſon we can pretend to 
limit, and determine, the powers of created beings, whatever age we live in: 
For there may always lie conceal'd in the boſom of Nature, infinite numbers 
of properties of Bodies, vaſtly more wonderful than any that have been yer 
diſcover*d; nay, and even thoſe things that in one age are vulgarly known, in 
the ſucceeding are frequently loſt, and when .in after-time they come again to 
be found out, are look*d upon and extolF®d as new and wonderful diſcoveries. 
But we muſt quit this ſubject, which would carry us to a very great length, 
were it accurately treated in the manner it deſerves, 


"I Cookery, How comfortably are the neceſſities of mankind provided for, by the Art 


call'd Cookery, which preſerves and prepares our Food, for the eaſy ſupport of 
life, and is as ſerviceable to people in health, as Medicine is to thoſe that are 
fick. Now this, tho' exceeding ancient, nay, poſſibly coeval with mankind, 
may receive a great deal of aſſiſtance from Chemiſtry, The acid Liquor, for 
inſtance, drawn by Fire from Sea Salt, if it is diluted with a proper quantity 
of Water, wonderfully preſerves Fiſh, Fleſh, and other things that eaſily pu- 
trify, prevents their being corrupted, gives them an agreeable taſte, fits them 
for the eaſieſt digeſtion, guards them againſt the bad effects of exceſſive hot 
weather, and even cures the diſtempers that this heat is apt to produce. And 
hence it is of infinite ſervice to Sailors that are obliged to go into thoſe parts 
of the world, where the Water and Fiſh putrify, Fleſh ſtinks, and Bacon grows 
rancid, with the extreme heat of the Climate. Upon this head John Rudolphus 
| Glauber, who wrote ſome Treatiſes, De Conſolatione Navigantium, De Profperi- 


tate 
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tate Germanie, and others upon the ſame kind of ſubjects, deſerves the higheſt 
commendation. He, in thofe informs us, how a man, without any trouble, 


may in a little veſſel carry about with him a Liquor, which only being made 
uſe of to the quantity of a few drops, will anſwer very valuable purpoſes, There 


too he teaches us,. that by proper ſolution, depuration, inſpiſſation, and preſer- 
vation from the Air, we may prepare a Liquor from corrupted Corn, now-a- 
days called Malt, a little of which contains a good deal of nouriſhment ; and 
farther, how this, with a mixture of Wheat-flour, may be made into Biſcuits 
that will keep a conſiderable time, and are very hearty Food. The illuſtrious 


Boyle, in that excellent Piece, Of the Uſe of Experimental Philoſophy, gives us 


an account of ſome ſimple methods, borrowed chiefly from the chemical Art, 


by which Fleſh, Fiſh, and Eggs, either freſh, roaſted, or boiled, may for a 


_ vaſt while be preſerv'd from corruption. And it is this Art that furniſhes us 


with thoſe Pickles, that will even correct and prevent the progreſs of putrefac- 
tion, after it is but juſt begun. 

The juice of Grapes, Apples, and almoſt all ſummer Fruits, if you boil 
and inſpiſſate it when it is frefh preſs'd, may be thicken'd into a durable Mads, 
a bit of which being again diluted with Water, will even in winter nearly re- 
gain its native {ſweetneſs ; and that, whether it is prepar'd with Sugar, or with- 
out it. If this ſame Juice is preſs'd in the time of vintage, and ſuffer'd to fer- 
ment, work, and depoſite its Lees, it then becomes good Wine; and here, 


upon examination we ſhall find, thatin almoſt every ſtep, from the beginning. 
to the end, we are obliged to proceed according to the rules laid down by 
our Art: Nay, and even the faults which are apt to happen in the making, 


and which the Wine is liable to after it comes to perfection, are chiefly pre- 
vented, and corrected, by the helps we borrow from Chemiſtry. If it begins 


to fret again, inclines to be tart, or is growing foul, it is this Science that pre- 
fently furniſhes us with ſuitable Remedies ; or ff you would make it into Vine-, 
gar, this will teach you by what means you may effect it. The ſame Art too 


inſtructs us how to prepare Wine from all forts of pulpous Fruits: Grapes, all 
kinds of Cherries, Gooſberries, Berberries, Currants, Elderberries, Pears, Ap- 
ples,. and the various ſorts of Plums, are all, by the management of the ſkil- 
full Chemiſt, made to produce an agreeable Liquor, which truly deſerves the 


name of Wine, and is with a little aſſiſtance equally grateful. And all theſe. 


now are conſtantly obſerved to be of the ſame nature and efficacy; for they 


all agree in this general property, that the firſt Liquid that is ſeparated from 


them by a gentle heat, is pregnant with Spirits, which will burn in the Fire, 
and may be diluted with Water; and this Liquor, when it is perfectly rectify'd 


according to Art, you will always find exactly the ſame, from which- ever of 


the abovemention'd Fruits it is produced. Nor has happy Britain any reaſon 


to repine, that in her ſoil Grapes won't ripen to that perfection, as to be fit to ſup- 


ply her with Wine, ſince Nature has ſo liberally indulg'd her with Apples, 
which with proper management yield a Wine, that in the fragrance of its ſmell, 
and gratefulneſs of its taſte, vies with the richeſt of Laly, Spain, and France. 
Nor is the juice of the Grapes in Holland rich enough tor this purpoſe; but 


then, they have a way of preparing the ſame from Currants, Gooſberries, and- 


Elderberries, which 1s little inferiour to the produce of the hotter Climates, 


And laſtly, from Herbs themſelves, after being prepared by boiling them with. 


3 a. gentle 
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a gentle Fire, may be drawn a Spirit, tho' in but a ſmall quantity, which is 
conſiderably ſtrong. Now after all theſe are ſkilfully made, is it not the Che- 
miſt that teaches us to preſerve them, and prevent a new fermentation by the 
aſſiſtance of the fumes of burning Sulphur, and at the ſame time to keep. 
1iem freſh, and ſecure their flavour? *Tis from the chemical Art that we 
learn how to ſoften Wine, when it is too rough by a ſmall mixture of Salt pre- 
pared from the burnt Faces of the Wine, and how to recover it, when *tis grown 
tart by a proper addition of Crabs-eyes, or Chalk. And it was to the ſagacity 
of the Chemiſt, that we were beholden for the diſcovery of that abominable 
practiſe which ſome perſons made uſe of with their ſharp crude Rheniſh Wines, 
which was a certain management of them with Lead, by which they could give 
them an agreeable mellowneſs, but which enervated and deſtroy'd the drinkers 
of it with inſuperable Palſies; for which reaſon it was juſtly branded with a 
moſt rigorous puniſhment. : 
In Brewing. T/;5, and Oſiris, inſtructed the countries that were deſtitute of Wine, by 
what methods they might prepare Beer from Corn, which was very properly 
therefore called the Wine of Ceres; and hence Tacitus tells us, that the ancient 
Germans uſed to make Wine from corrupted Corn. Now this the Art of Che- 
miſtry lays claim to in a particular manner, they both having their riſe in the 
ſame part of the world, viz. Egypt, And indeed, Baſil Valentine has elegant- 
ly given us the whole doctrine of the ſecrets of Alchemy, in his deſcription of 
the Methods of making Beer, which he has examined with all poſſible nicety 
and accuracy. But there's no need to enlarge upon this head; for as there is ve- 
ry little difference between Wine and Beer, what has been ſaid of the uſefulneſs of 
. the chemical Art in the former, your ingenuity will eaſily. apply to the latter. 
And thus, Gentlemen, I think I have ſufficiently made appear the abundant 
ſervices that all the mechanical Arts, or the chief of them at leaſt, receive 
from Chemiſtry. And hence, I believe, I may ſafely conclude, that if the 
particular Artiſts in the different branches of Mechanics, had a good knowledge 
of the chemical Art likewiſe, they would be able to improve their ſeveral pro- 
feſſions to very great advantage. There are therefore very many and weigh- 
ty reaſons, that urge us to apply the Art of Chemiſtry to all other Sciences 
that are ingaged in the examining and changing of natural Bodies. And this 
we ſhould do with a reſolution, carefully and faithfully to take notice of every 
thing that we may be ſo happy to diſcover, which we ſhould afterwards digeſt © 
in order, and publiſh to the world; that thus, by the united labours of us all, 2 
human Arts may be improv'd, and carry'd to ſtill greater and greater perfec- 
tion. What I have been able to contribute to this valuable purpoſe, I have 
given you; I confeſs, indeed, it is but a little: In this view, however, the 2? 
pains I have taken, will be of ſome advantage, if it ſerves to incite other per- 3 
ſons of a happier genius, and greater application, to make more uſeful Diſ- 
coveries. | Os 
And now at laſt we are come to lay before you a few ſimple obſervations 
concerning the excellent uſefulneſs of the chemical Art in Alchemy; where I 
ſhall candidly repreſent the affair exactly as I have found it. Among all the 
Writers of Natural Philoſophy, it has not yet been my fortune to meet with 
any, that have more intimately examined, and evidently explain'd the nature 
af Bodies, and the effects they are capable of producing, than thoſe that have 


gone 
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e by the name of Alchemiſts. For the confirmation of this, leſt I ſhould 
Cs ſuſpected of prejudice, I beg you will read, but with a vaſt deal of 
attention, the works of the principal, true, profeſſors of the alchemiſtical Art. 
Give me leave upon this head, to quote Raymond Lully, in that Treatiſe of his, 
which he calls Experiments, There you will ſee with what perſpicuity he 


explains the nature and actions of Animals, Foſſils, and Vegetables, and 


that purely from ſimple experiments, without any circumlocution, diſguiſe, 


or fiction; and I am fatisfied, you will candidly acknowledge, that you 


can ſcarcely find theſe things treated of in ſuch a manner any where elle. 


The obſervations, ſays that Author, that Bodies reſolv'd by our Art, ex- 


poſe to the Eyes, and diſcover to the Mind, are of infinitely more force to 
gain the aſſent, than the utmoſt ſtrength of pure Argument; by theſe we per- 
form what we aſſert, and give Examples of what we inculcate. And it certain- 
ly muſt be allowed, that he did as he faid : So that in reality, theſe men at- 
tempted to found ſuch a Philoſophy, as the great Lord Verulam ſo earneſtly 
wiſh'd for; which ſhould conſiſt in the right comprehending and explaining 
to others thoſe powers of Bodies, which being in action, would conſtantly pro- 
duce certain determin'd effects; and hence ſhould lay down no other cauſes 


of things, than what being at any time ſuppoſed, would certainly and readily 


effect thoſe very things, thus always performing at pleaſure whatever it aſſert- 
ed the truth of. They laugh'd at the ſubtle univerſal cauſes, which the School- 
men, making an ill uſe of their leiſure, impoſed upon the learned world; for 
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theſe were intirely the effect of pure ſpeculation, and the knowledge of them did 


not at all qualify the poſſeſſor for any phylical operations. And hence they 


moſt carefully inculcate throughout their Philoſophy, that it is abſolutely im- 
poſſible for the utmoſt Art of man to produce any effects in natural Bodies, 
which ſhall exceed thoſe powers that the divine Being has implanted in them : 
That ſome of theſe qualities lie open, and manifeſt ro every one's obſervati- 
on, for the neceſſary uſes of life; whilſt others of them are more abſtruſe and 
conceal'd, and are only diſcover'd to thoſe perſons, who with diligence and 


_ conſtancy wiſely apply themſelves to ſearch out the deeper and more hidden 


Works of the great Creator: But that both nevertherleſs are to be regarded 
as equally natural. They aſſert, therefore, that no perſon living, even ſup- 


poling him to be poſſeſſed of all the wiſdom of paſt and future ages, can 


ever, with all his ſkill, either create any one ſingle Being, a grain of Muſ- 


tard- ſeed, for inſtance, out of nothing, or produce it from any other kind of 


matter, that is of a different nature: But that prudent men, however, by 


receiving and examining created things, as they are offered to their obſerva- 
tion, may, by the help of proper Experiments, come afterwards to diſcover 
by what law Nature acts, and what methods ſhe purſues, in forming, produ- 


cing, and perfecting every particular Being, according to its proper and pe- 
culiar Nature. And here they obſerve, that this is found to be the grand 
principal law, that every thing is generated from ſomething of the ſame kind 
that firſt exiſted, Thus Plants ſpring from Plants ; Animals from Animals ; 
and Foſſils from Foſſils. They further aſſert, that the whole power of Gene- 


ration conſiſts in one ſeminal principle, which digeſts and changes the crude 
matter it receives into its own likeneſs, and forms it into a reſemblance of the 


original: That in order, however, to a fruitful procreation, there is . 
. iy 
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ly required both a Male and Female, without whoſe natural conjunction, no 
Offspring can ever be produced: That when the prolific Seed is ſafely ſecured 
in the Matrix or Womb that nature has deſign'd for it, and has there for a 
convenient time been cheriſh'd, and ſupported with a kindly warmth, and proper 
nouriſhment, there will then appear a new Being reſembling its father; whereas if 
Nature is any ways broke in upon, and diſturb'd in her proceedings, her de- 
ſigns will prove abortive, and the thing that was intended will not be accom- 
pliſhed. Hence they infer, that after creation is once perfectly compleated, 
there is nothing begotten de novo; but that all things ſpring and increaſe ac- 
cording to certain laws, purely from the Seeds of ſomething of the ſame na- 
ture that was in being before; that any created thing therefore, by means of 
its Seed, may be multiplied i infinizum, but not without it; and conſequent- 
ly, that the whole face of the Earth might be covered with one ſort of Plant, 
as Fennel, for inſtance, if its Seed was continually gathered, ſown, and culti- 
vated, as its particular nature requires. They remark yet again, that there are 
found in Nature ſome Bodies, and thoſe generally exceeding ſimple ones, that 
are not obſerv'd to have any ſeminal power in them; and hence, neither in- 
creaſe themſelves, or tranſmute any other Bodies into their Nature, but ſerve, 
either to put every thing in motion, as Fire; to dilute, and be a proper vehi- 


cle for nouriſhment, as Water; or to give ſtrength and ſtability to compound: | 


Bodies, as Earth, when it is perfectly pure. Now theſe things being found by 
an infinite number of Experiments to hold good in all other parts of Nature, 
they at laſt diſcoyer'd, that even Foſſils were ſubject to the ſame univerſal law. 
For tho? their natural ſimplicity, and the ſimilarity of their parts are incon- 
fiſtent with the organical, compound, fabric of a Seed; yet they are found 
to be indued with a certain innate faculty, by which they can attract a proper 
Pabulum for their increaſe, and apply it in ſuch a manner, as to be hence con- 
tinually propagated. They add farther, that the Spirits called Rectores are 
ſealed up, and do not appear in Metals fo long as they are dead; but that 
when they are reſolv'd, open'd, and vivified, they then manifeſt themſelves, 
and produce very ſudden and wonderful effects; and that even here there is a 


kind of prolific union; for they tell us, there is an impregnating Male, and: 


a fruitful Female, by whoſe procreating power live Metals do propagate their 
Species. Nor have they conceaPd from us, by what methods Metals may be 
made alive, with what degree of Fire they muſt be managed, in what propor- 


tion they muſt be mix'd, and with what Pabulum they muſt be nouriſhed, in 


order to make them capable of being multiply*d as long as you pleaſe. And laſtly, 
they aſſure us, that Metals alone, on account of the extraordinary ſimplicity of 
their Nature, may be produc'd in the leaſt time imaginable from a mercurial: 
heavy fluid, fix d by a ſulphureous ſeminal principal, if they can but be intimately 


mixt by the aſſiſtance of Fire, and join'd together with an indiſſoluble union: 


That thus Mercury 1s the Mother of Metals, and the quickening Sun the Fa- 
ther: And hence, that that may be effected upon Metals in the twinkling of 
an Eye, if they are firſt artfully and properly vivified, which would not have 
been brought about by a ſubterraneous Fire in the Bowels of the Earth under 
a long Series of years. They confeſs'd, indeed, that in the Vegetable, and 
Animal Kingdoms, the action of procreation is limited, and determined by 
nature within its proper time: And that it was impoſſible it ſhould be otherwiſe, 

| ; conſidering. 
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conſidering the exceeding tender nature of the Seed, its compound, intricate, 
and curious ſtructure, the very various, and numerous parts of which it is 
compoſed, and how eaſily the living ſpark in the center of the prolific Sulphur, 
or the little Embryo, might be deſtroy*d. But at the ſame time they tell us, 
that in the pure Metals, Gold, Silver, and their Mother, Mercury, there is ſuch 
a ſimilarity of parts, that every individual particle is perfectly of the ſame 
nature with the whole Maſs : That they are obſerved to be ſo greatly immu- 
table, that neither the gentleſt or ſtrongeſt Fire is capable of deſtroying-.them: 
That the prolific ſeminal power reſides in Fire, and hence acts with infinite ce- 
lerity, and in a moment aſſimilates the mercurial matter that is ſuitable to it: 
That upon this principle depends the increaſe and procreation of pure Metals : 
And that thus may be prepared the Philoſopher's Stone, which will convert all 
other Metals into Gold; on which head, if you deſire to know my opinion, P11 
give it you freely, . 


The wiſe Socrates having a Book of Heraclitus's given him to peruſe, that 


was wrote in a very intricate and abſtruſe manner, he read it over with a 
great deal of care, and when his opinion was deſir'd concerning it, the great 
man anſwer*d, that in thoſe places where he underſtood it, he found it excel- 
lently well done, and believed it was the ſame, where he was not able to com- 
prehend it ; but that it required the moſt ſubtle penetration to come at the 


ſenſe of it. In the ſame manner, where I can diſcover the meaning of the 


Alchemiſts, the truths they deliver appear very evident, and are expreſs'd in 
the moſt ſimple terms, nor are they often miſtaken themſelves, or do they im- 
poſe upon others. When I come therefore to paſſages where the ſenſe is more 
obſcure, why ſhould I pretend to condemn them of being in the wrong, who 
have ſhewn themſelves vaſtly my ſuperiours in the Art, and from whom I have 
got a great deal of information, where they thought it proper to expreſs them- 
ſelves clearly? For they themſelves declare, that when they come to treat of 
the utmoſt limits and perfection of the Art, they deſignedly tell us no more 
than that the Art is true, in order to excite proper perſons to purſue and diſ- 
cover it: That they are obliged in honour, not to publiſh a ſecret that might 
be abuſed to a great many ill purpoſes: And that it is enough, if they point out 
to us the tract that Nature teaches us to follow, and prevent our falling into 


errors. For this reaſon therefore, I am rather apt, in theſe circumſtances, to 


lay the fault on my own ignorance, than to accuſe them of vanity. With 
proper deference, however, I muſt take the liberty to make the following 


remark : When I read over the Secrets of thoſe excellent Artiſts and great 


Maſters of Nature, Iam apt to doubt, whether, after they had by pure obſer- 
vation made ſo many, and ſuch ſingular diſcoveries, they did not arrive to ſuch 
a quickneſs in perceiving the conſequences -of things, as led them to relate 
thoſe things for facts, which they judg*d might poſſibly be, nay, and certain- 
ly would happen, if they had proſecuted the inquiries they had in their view. 
And indeed, Alexander Suchthenius, a conſiderable Author in Alchemy, who 
was a ſcholar of Paracelſus, and a zealous defender of his Doctrine, ſeems to 
intimate ſomething of this nature; for after having try'd a great many things 

to no purpoſe, he tells us, in the end of one of his Treatiſes of Antimony, 


that all the Philoſophers, of which he there mentions the chief, died before 


they had brought their ſpeculations to a proper iſſue, Now ſuppoſing this to be 
| 2 | true, 


75 


Elements of CHRMIS TRV, Part II. 
true, which 1 don't pretend to determine, yet every grateful mind will think 


itſelf vaſtly obliged to them for diſcovering to us thoſe phyſical truths, which 
it coſt them an infinite deal of pains to come at the knowledge of. And the 


great Lord Verulam very properly compares them to a Father, who when he 


was dying, made his lazy Sons believe, that in a certain field he had hid a 
treaſure; upon which, as ſoon as ever he was dead, they went to digging; 


in hopes of finding the riches, but were baulk'd in their expectations, tho”. 
the ſervice they did the Land abundantly recompenc'd their trouble. Theſe 


few things concerning the knowledge of the true Alchemiſts in Natural Philo- 
ſophy, I have long defired to make known, that they may not be miſrepre- 
ſented, and condemn'd by perſons, who are no ways capable of forming a pro- 


per judgment of their abilities. The chief performances the Alchemiſts pre- 
tend to are, as follow: | 


The preparing the Philoſopher's Stone; a ſmall portion of which being 


thrown into Metals, whilſt they are in fuſion, will in a moment tranſmute 
the true mercurial part into obryzum Gold, purer and finer than was ever 


dug out of the Mines, or procur'd by any docimaſtic Art; and at the ſame 


time will inſtantly conſume and diſſipate every thing contain*d in the Metals, 
that is not of a metallic mercurial Nature. This, they ſay; is of the fame 


weight with Gold, brittle like Glafs, of a very deep red Colour, and runs in 
the Fire like Wax. | | 
The making another Stone of the like Nature, calPd the Lapis Argentificus, 
which will in the ſame manner turn all Metals, except Gold and Silver; into 
the moſt perfect Silver. LI 25 | 
The carrying the Philoſopber's Stone to ſuch a degree of perfection, that being 
caſt into melted Gold, it will totally convert the Gold into the Philoſopher”s Stone. 
And the exalting this ſtill higher, ſo as to change pure Mercury intirely 


into the ſame Stone. 


They ſay farther, that they have diſcover'd a Body prepared by Art, which 
is of ſuch vaſt efficacy, that if it is mix'd and united with any thing, either in 
the Animal, Vegetable, or Foſſil Kingdom, it will ſo far improve their natu- 
ral inherent vertue, as to render them the moſt perfect in their kind. In the 
human Body, therefore, it would prove a univerſal Medicine, ſo diſpoſing both 
its Solids and Fluids, that it would become abſolutely ſound, and would con- 
tinue ſo, till it was gently conſumed and worn away by the neceſſary actions 


of life itſelf, apd then would leave the world eaſily, and without reluctance. 
The ſame thing 


Univerſal Ferment. 


They pretend likewiſe, to make artificial Gems, that ſhall perfectly reſemble, 
and be of the ſame value with natural ones. 5 3 
And to exalt the baſer imperfect Metals into Gold, by carrying on their 
coction and purification from that ſtep, where Nature was defective and left 
off. For it is their opinion, that the ultimate deſign of all Nature's operations 
in the Mines, is the production of Gold from Mercury by the aſſiſtance of Fire, 
and. by refining and filtring it through pure denſe Bodies: That if ſhe is hinder- 
ed in her proceeding, either by the want of Fire, the looſneſs of the paſſages 


= through 


: thing too- it would effect in any living Animal; and if it ſhould 
inſinuate itſelf into the roots of Vegetables, it would greatly increaſe both their 
beauty and fruitfulneſs. To this noble figment they gave the name of the 
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through which it runs, or the mixture of any heterogeneous matter with it, 
there then ariſes a crude Metal which is not perfectly homogeneous, and hence 
mutable by the Fire. And thus they fay are produced all Metals except Gold, 
Silver, and Mercury; which, nevertheleſs, may be ſtill ſo far perfected by Art, 
as to be converted into Silver and Gold. This laſt, however, was not the 
univerſal opinion of the Alchemiſts. And indeed, Lead, Tin, Copper, and 
Iron, ſeem as perfect in their kind, as Gold; and are always found to be pre- 
ciſely of the ſame determinate nature. And, perhaps, the particular nature 
of Copper may render it as fit, or fitter, both for philoſophical purpoſes, and 
the common uſes of life, than either Silver, or Gold, although it is leſs ſimple, 


and conſequently more changeable. Nor in reality is it at all probable, that 


this Metal ſhould, by any continued ſubterraneous digeſtion and ſeparation of 
its heterogeneous parts, be ever exalted into Gold, or become ny thing but 
the moſt perfect Copper; which is likewiſe true of all the reſt. I confeſs 
indeed, that ſomething of Gold may be obtained from what we call the baſer 


Metals, if they are kept a long time in the Fire ; but then it is not certain, 


whether this is actually produced there by carrying on thoſe Metals to greater 
perfection; or whether it is only ſeparated from them by the force of the Fire. 
Nor can I eaſily conceive. how it comes to paſs, that lead, which of all ſolid 
Bodies, comes neareſt in weight to Gold, ſhould be reckoned ſo much more 


diſtant from it in nature than Silver; ſince all the Adepts aſſert with one con- 


ſent, that the Demonſtration from weight.is of more force than any mathema- 
tical one, But I have ſufficiently. tired both 728 patience, and my own, 
upon this ſubject, and therefore to conclude. Let us never imagine that we 
are able to determine how far the powers of nature may extend. Thoſe 


things are looked upon as impoſſible, that ignorant people are not acquainted 
with. The ancienteſt Philoſophers gave ſome hints of an eternal Fire, ſolid, 
and durable even under Water; and were ridicuPd for their pains as a parcel 


of idle men: But ſince it has been diſcovered by Craftius, improved by Kun- 
kel, deſcribed by Boyle, more clearly explained by Næwentyt, and moſt plainly 
of all treated of by Hofman, the poſſibility of the thing is actually demon- 
ſtrated. The artificial Thunder and Lightning of Roger Bacon were looked 


upon for a good while as fiction, and deceit; but they afterwards were made 


appear by Schwartz to have too much truth in them. And the other things 
that I have mentioned in natural Magic, to perſons perfectly unacquainted 
with Experiments, will ſeem much more incredible than the tranſmutation of 
Lead into Gold with regard to its mercurial part, its original form being 
firſt perfectly deſtroyed. There are inconveniences in being. too credulous 3 and 


ſo there are in being too ſceptical. It is the buſineſs of a wiſe man to try every 


thing, and abide by that which he finds to be true; nor.ever to preſcribe li- 
mits to the power of the omnipotent Governour of the univerſe, or the natural 
beings which he has created, 

Now we are upon this head give me leave, before we proceed, juſt to mention 
the Apparatus, that the greateſt Maſters in the Art declare to be. abſolutely 
neceſſary for bringing this grand Arcanum to perfection. And. firſt . they all 
agree, that Gold, Mercury, and Fire, are principally requiſite. As alſo Lead, 
Iron, Antimony, and Nitre, and the nitrous ſpirits drawn from it. A Cupel. 
A glaſs Peſtil and Mortar. A Retort, Receiver, and pure Water. A Fur- 

| x: 2 | nace, 
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Fire of a 
wonderful 
Zature. 


hence theſe, of conſequence, come firſt under our conſideration. A perſon, for 


have loſt its bitterneſs, which will all be contained in the Water: And here 


this Operation. 


Fire, Water, Air, Earth, the Solvents which the Artiſts call Menſtruums, and 
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nace, Bellows, filtring Papers, a glaſs Egg, or Matras, and an Athanor, The 


whole charge of which upon computation never amounts to 20 J. Sterling, 
ſetting aſide the value of the labour. 11 TE 


Of the Inſtruments of Chemiſtry. 

Having thus, Gentlemen, explained to you the Bodies about which Chemiſtry 
is engaged, and the ends that it chiefly propoſes in the changes it produces in 
them, I ſuppoſe of courſe you will be deſirous to be informed by what me- 
thods theſe may be brought about; which I readily comply with. As it is 
impoſſible now that any Art can produce effects without proper inſtruments 


inſtance, deſires that I would acquaint him, what it is in Wormwood that 

ives it its bitter taſte, and that I would ſeparate that part from all the reſt, 
Now here I muſt know that Water juſt ready to boil will fetch all that is 
bitter out of the plant, if it is poured on, digeſted, decanted again when it 
is impregnated, and this is repeated ſo long till the laſt after ſtanding ſome 


time comes off as inſipid as it was put on. The Plant then will intirel 


you ſee evidently, that Fire, and Water, are the Inſtruments made uſe of in 

For in every Art that inſtructs us in the changing of Bodies, that particular 
thing is called an Inſtrument, which either has or. may have given it a certain 
peculiar motion, which being applied to the Body to be changed will produce 
ſuch an alteration in it, as the Art had before determined. And thus in Che- 
miſtry we have Inſtruments by which we are able to perform the actions we. 
deſire; and theſe we uſually reduce to fix, as the principal, with thoſe Chemiſts 
who have cultivated the Art with the greateſt accuracy; and they are as follow, 


the common furniture of the Elaboratory ; all which the Chemiſt ought well 
to be acquainted with, if he would rightly underſtand the Operations, which 
are effected by the help of them. Of theſe therefore I ſhall treat in the 
order I have mentioned them, beginning firſt with Fire, as there never was, 
or can be any chemical Operation, in which Fire is not concerned; which is 
not ſo univerſally true of the reſt. 15 


Of FI Rx. 


N The power of this is ſo great, its effects ſo extenſive, and the manner of 
its acting ſo wonderful, that ſome of the wiſeſt nations of old reverenced and 
worſhipped it, as the ſupreme Deity. Some of the Chemiſts too, after they 
had diſcovered its ſurprizing vertue, have ſuſpected it to be an uncreated 
Being. And indeed, the moſt famous of them have acknowledged it as the 
ſource of all their knowledge; and hence have profeſſed themſelves Philoſo- 
phers by Fire, nor thought they could be honoured with a nobler title. Now 
among all the wonderful properties of Fire, there is none more extraordinary 
than this, that though it is the principal cauſe of almoſt all the ſenſible effects 
that continually fall under our obſervation, yet it js itſelf of ſo infinitely a 
ſubtil nature, that it eludes the moſt ſagacious inquiries, nor ever comes within 
the reach of our ſenſes: and hence others have been led to be of opinion that 
it ought to be looked upon as ſpirit, rather than Body. It 
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It is neceſſary, therefore, if we would keep clear of miſtakes, to act with the To bein- 
utmoſt caution in our ſearches after a thing whoſe nature is ſo hidden and my- Te ate 
ſterious. And for this reaſon we muſt abſolutely diſengage our ſelves from all tion. 
mere ſpeculations, nor give into any precarious hypotheſis, how plauſibly ſoever 
contrived, unleſs we would run headlong into confuſion, and uncertainties ; 

For if at ſetting out we lay a wrong foundation, the errors that ariſe hence 
will diffuſe themſelves through all the branches of natural Philoſophy ; ſince 
in all the productions of natural effects, Fire, as I obſerved before, has always 
far the greateſt ſhare. | 

When we ſet about therefore to inquire what Fire really is, we muſt be- Not from: 
gin perfectly as though we knew nothing of the matter, and muſt intirely lay aa 
alide every notion that we had formed of it before. And here we muſt fol- 
low the analytic method of the Geometricians, who in order to come at the 


knowledge of any thing, proceed as though they were ignorant of it, and 


that they may conſtantly keep this in their eye, repreſent it always by ſome 
fign that only expreſſes ſomething unknown, and that is then ſought after. 
Nor do. theſe religious Obſervers of truth, in their inquiries after things they 
are not acquainted with, ever make uſe of any other properties, than what are- 
evidently obſerved in. the things themſelves, or have been before clearly de- 
monſtrated, | 


And I will venture to aſſert, that this extraordinary circumſpection is never One difficul-- 


more neceſſary, than in the ſubject we are at preſent engaged in: For the Haus 


Elements of Fire pervade and reſide in the moſt ſolid matter of Gold, as 1 
well as in the moſt perfect Torricellian vacuum, and are equally diſperſed and 
diſtributed through all Bodies, and every part of ſpace ; as will be evidently: 
made appear hereafter. And hence it comes to paſs, that there is nothing in 
our philoſophical Inquiries more difficult, than truly to diſtinguiſh. the par- 
ticular action of Fire from that of the other cauſes that in every phyſical 
Operation concur with it; and yet the nature of Fire is ſo vaſtly different from 
theirs, that they cannot be confounded with one another without the utmoſt im- 
propriety, and danger of miſtakes | 

There is yet another difficulty that puzzles the Philoſophers in their ſearches A fecond- 
after Fire as much as the former, and that is, the valt ſubtlety of its parti- 
cles, which in their fineneſs not only exceed every thing yet known, but pe- 
netrate into the moſt ſolid, and even the ſmalleſt Corpulcles that ever fall un- 
der our notice. And hence it comes to paſs that we find ſuch very different, 
and abſurd opinions concerning its nature, even among thoſe Authors, who 
have ſtudied it with the greateſt diligence, and happieſt ſucceſs. And the 
errors that have riſen hence, have not only infected Chemiſtry and Philoſo- 
phy, but have alſo ſpread themſelves into the medicinal Art, as every Phyſician 
mult acknowledge, who has carefully conſidered what has been advanced con- 


*erning innate Heat, radical Moiſture, and many other things that depend upon 


them. Let us therefore in our Inquiries on this ſubject proceed as if we were 
perfectly unacquainted with it; and let this be the caſe, *cill we are able to 
come at ſome certainty about it. 

It is impoſſible, however, with our utmoſt endeavours, ſo to diſengage our The bens 
thoughts in this affair, as not to retain at leaſt that idea of Fire, by which 1 


every perſon ſays he knows whether it is preſent in any particular place, a 4 1 
2 | abſen 


a 
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abſent from it. For it is abſolutely neceſſary that this mark ſhould be perfectly 
obvious to our ſenſes, and that we ſhould all agree about it; otherwiſe the 
word Fire even among perſons that talk the ſame language, would ſignify 
nothing at all. And the ſame Obſervation equally holds true of every thing 
elſe. If a perſon ſhould ſay, for inſtance, that he knows nothing of the nature 
of Thunder; yet till under this word he conceives this notion of it at leaſt 
in his mind, that it is ſomething that produces a very extraordinary noiſe in 
the Air, and thus underſtands the ſame thing by this term as every body elſe 
does, nor will eaſily confound it with any thing elſe. In like manner, both 
the learned and the ignorant, if they uſe the ſame ſpeech, as ſoon as ever 
they hear the word Fire, immediately think of the very ſame thing. And in- 
deed were not this the caſe, that word would have no more effect upon the 
per ſon that heard it, than if it had been ſpoken to an Indian, or an African. 
The requi- Now this general mark or character muſt belong ſo peculiarly to Fire, that 
fires in theſe jt muſt not be common to any thing elſe ; for otherwiſe, we ſhall be con- 
ftantly at a loſs how to diſtinguiſh Fire from any other of thoſe things, that 
this property might equally point out. 
Nor is it leſs neceſſary that this mark ſhould be an individual one, and ab- 
ſolutely inſeparable from Fire, ſo that wherever Fire actually exiſts, this 
ſhould alſo moſt certainly and conſtantly be preſent with it; for by this means 
alone we ſhall be able to come at the knowledge of it, a ſign being of no 
manner of ſervice, if the thing 'ſignify'd may nevertheleſs lie concealed, and 
not be diſcovered by it. | 3 8 
And laſtly, it is abſolutely requiſite, that this character ſhould lie open to 
our ſenſes, and eaſily affect them; and ſhould plainly point out to us the de- 
grees in which Fire 'increaſes, decreaſes, or continues in any ſpace, or Body, 
If theſe three properties, therefore, are found together in any character of Fire, 
"we may venture to make uſe of this for our purpoſe. = 1 
The uſe of And then ſafely relying upon this, we may cautiouſly proceed to ſome phy- 
bach a fig ical Experiments in order to get a farther inſight into the nature of Fire, 
which though indeed it lies out of the reach of our ſenſes yet, by this ſign 
will certainly diſcover its being preſent : Eſpecially, if we ſet about our In- 
-quiries with prudence and diligence, on purpoſe to examine into its hidden 
-properties, when we are once undoubtedly ſure of its preſence. And, then 
beſides, any accidental diſcoveries that unexpectedly offer themſelves to our 
obſervation in the proſecution of theſe Inquiries, will likewiſe prove of ſervice: 
For both theſe will ſerve to furniſh us with arguments, which being properly 
reduced into order, and rightly improved, will help us by degrees to an in- 
ſight into the nature of this abſtruſe, and myſterious Being. And how can 
we be afraid of falling into miſtakes, whilſt we purſue this method, which is 
univerſally approved by men of the ſoundeſt judgment, as the only certain one 
in ſearching after natural knowledge? 
The di. It muſt be acknowledged, however, that it is exceeding difficult to diſcover 7 
culty of ſuch a mark of Fire as will always demonſtrate its preſence, let the quantity of it 
op ng lach be ever ſo ſmall ; and that for the following reaſon. Upon examination it 
7M evidently appears that there is an incredible quantity of true Fire even in thoſe 
places, where every body not only judges there is none, but imagines there is really 
ſomething of a quice different nature, In a hard froſt, for inſtance, it will be 
| | 1 demonſtrated, 


— 
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demonſtrated, that Fire is actually contained in the very coldeſt maſſes of Ice, | 
and may be inſtantly produced from them with a great deal of violence: And yet at 
that time it no ways manifeſts itſelf to our ſenſes 3 not one of its actions appears 
nor any of the effects that are commonly aſcribed to it. I don't pretend, there- 
fore, to lay down any mark, by which a perſon may be ſure of the preſence 
of the very leaſt quantity of Fire; but Pl! venture to offer one which will 
certainly diſcover it when it is ſomewhat greater; which will be ſufficient for 
our purpoſe. And as in Bodies, we have no idea of great, or ſmall, except 

by comparing the Bodies, either with one another, or with ſome certain mea- 
ſure : So here, though the abſolute quantity of Fire in a given place, cannot 
by any ſign be rightly determined ; yet we are able to demonſtrate how 
much there is more, or leſs of it there, than in any other place aſſigned. In 
like manner it is difficult to aſcertain the. abſolute degree of Fire in any 
particular point of time; and yet the various degrees of it at different times 
may be eaſily compared with one another. „ 
Whilſt we are engaged now in purſuit of the marks abovementioned, thoſe Such figns 
effects firſt offer themſelves to our obſervation, which are produced by the g gen 
wer of Fire alone, and by which, when they are manifeſt to our ſenſes, we produced by 
univerſally infer the preſence of Fire. Theſe therefore we may fairly make Fe. 
uſe of for the preſent. For if thoſe phyſical changes which are the ſole pro- 
duction of Fire very eaſily affect our ſenſes, they will ſerve as a certain indi. 
cation of Fire; and if theſe conſtantly appear wherever Fire is generated, 
we ſhall come, in reality, at the very thing we deſire. Nor need we here be 
over ſollicitous leſt among theſe effects there ſhould be ſometimes intermixed 
others, that owe their being to ſome other cauſes; for when we come to con- 
ſider them more nicely, we ſhall eaſily be able to diſtinguiſh thoſe that are 
proper to Fire, from thoſe that are common to it with other Bodies. Let us 
therefore at firſt aſſume thoſe properties only that are commonly, and univer- 
fally aſcribed to Fire ; and afterwards proceed to examine them with care, and 
accuracy, in order to make a proper diſcovery of thoſe among them, that 
we are particularly in ſearch after. Now of theſe the following are the prin- 
cipal. 1. Heat. 2. Light. 3. Colour. 4. Expanſion or Rarefaction, both of 
Fluids, and Solids, 5. The power of burning, melting, &c. | 
Theſe therefore let us conſider in order. Heat then in the firſt place is The ex- 
aſcribed to Fire, and that with the greateſt reaſon, as they are moſt intimate- —_— 
ly connected together. And yet. if we cloſely contemplate this very idea of Heat, and fr af 
we ſhall eaſily perceive that people mean nothing more by it, than a certain He. 
ſenſation of the mind, excited by the application of Fire to the ſenſible parts 
of the Body. But by this perception certainly we underſtand nothing of the 
action of Fire, or the alteration that is produced in our organs of ſenſation by 
it. And hence Heat, conſidered only as it exiſts in the mind, whence alone 1t 
receives its name, does not really ſignify any thing corporea], but acres 
only ſome affection, or change of our thinking faculty. When any perſon is 
hot, he has a clear and diſtin& idea of what he feels at that time; but yet he 
will never thence be able to obtain the leaſt knowledge of Fire, or the changes 
that it then produces in him. Let me aſk you, Gentlemen, what it is you 
feel in yourſelves, when you ſay you are warm ; is it not a perception of ſome- 
what agreeable? Now compare this with what the Phyſicians are of opinion 
M happens 
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happens then in the Body; and what a prodigious difference! They tell us 
that during that time a moſt ſubtil Fluid is moved in the capillary Nerves af- 
ter a particular manner: But is it poſſible that ever ſuch a notion as this ſhould 
enter into any perſon's mind purely from the ſenſation of warmth, ſhould he be 
affected with it ever ſo often? But conſider again, what is the ſtandard by 
which every one meaſures his proper degree of Heat ? Why, ſo long as a man 
enjoys perfect health both in body and mind, he will confeſs that the kindly 
warmth he then feels, excites an agreeable ſenſation in his mind, If this after- 
wards leſſens by degrees, and at laſt becomes imperceptible, he then ſays he 18 
cold: As on the contrary, if it is increaſed beyond that degree which affected 
him with pleaſure, he complains of a troubleſome Heat. But there is no- 
thing in all this that will be of any ſervice to us, as a Criterion of Fire. 
Beſides, as in all other circumſtances, ſo here, the degree of Heat that we are 
conſtantly accuſtomed to, we are not ſenſible of; and hence we are apt to look 
upon every degree of it, that is leſs than the natural, or ufual one, as no Heat 
at all; which leads us continually too into miſtakes: Whereas on the con- 
trary, thoſe perſons that have for a long time been inured to cold, are thence 
affected in a very different manner from what others are. It is an old Obſer- 
vation that ſubterraneous places afford a moſt refreſhing coolneſs to perſons. 3 
melting with Heat in the ſultry Dog-days; and that on the other hand, when 4 
the Body is almoſt frozen with the winter Cold, it will perceive a kindly 3 
_ warmth in the very ſame places. And hence it has been falſly inferred, that 
thefe places under ground undergo a true Antiperiſtaſis, and grow colder in 
Summer, and warmer in the Winter ; whereas we certainly know that cellars 
conſiderably deep are colder in the former, and warmer in the latter: Indeed 
if they are ſunk to a very extraordinary depth, the degree of Heat continues 
always pretty nearly the ſame. From all this we conclude then, that the in- 
-mations we receive from Heat are very precarious and uncertain. For your 
farther ſatisfaction, however, I will mention one inſtance more, of great con- 4 
ſequence too in Phyſic, which will ſtill farther confirm my aſſertion, that we 3 
can by no means determine with any certainty the quantity of Fire, by that 4 
Heat with which our ſenſes are affected. In the ſummer time, when the Heat grows 
exceſſive, ſuffocating, and intolerable to perſons in health, occaſioned either by the 
reflexion, or refraction of the Sun from the Clouds, there follows very frequently 
Thunder and Lightning, with large ſhowers of Rain, and ſometimes of Hail; and 
this no ſooner happens, but the Air grows chill, and this very troubleſome 
Heat is ſucceeded by Cold. With this ſudden change we are ready to ſhudder, 
and feel as though we were pierced through with a Winter's Froſt ; and yet I 
have found by repeated Obſervation, chat the Air at that very time, though 
it ſeems ſo cold, is in reality ſo very warm, that ſhould the ſame come upon 
us ſuddenly after a very hard froſt, the Heat of it would be greater than we could. 
poſſibly ſupport ourſelves under: For ſhould a room, in the ſharpeſt froſty 
weather, be heated to the ſame-degree, as the Atmoſphere is in the month/of 
Auguſt after ſuch Thunder, there is no perſon living who had been abroad 
a good while in this piercing Cold, that could bear the Heat of this room, but 
would ſoon faint away. From the whole therefore we conclude, that Heat is a 
very uncertain meaſure of the quantity of Fire. 3 
Secondly of Again, Light is looked upon by judicious Men as a moſt certain Demon- 
Light, — ! 0000 
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ſtration of the preſence of Fire. For, ſay they, does not this offspring of Fire 
evidently point out its parent, and hence imagine, that the ſtronger, and 
brighter its rays are, the greater quantity of Fire is really contained in it; 
and that on the contrary this decreaſes in the ſame proportion, as the ſplen- 
dour of that noble Being is diminiſhed. This therefore they imagine may be 
laid down as a mark of Fire, But how little, Gentlemen, are they acquainted 
with experimental knowledge that are of this opinion? If you make any doubt 
of this, put a piece of Iron in the Fire, and let it remain there *till it's almoſt 
red hot, then carry it into the dark, and it will afford no light at all; and 
yet if you apply it to the body of an animal, it will burn it to the bone, nay the 
very bones themſelves, with a hiſſing noiſe, and a very diſagreable ſmell ; or 
if you lay it upon a piece of dry wood, you will produce both ſparks and 
flame. Here, therefore, there is a vaſt deal of Fire without the leaſt ap- 
pearance of Light. On the other hand, take a concave Speculum made of 
ſolid Metal, and exactly poliſhed, and in a clear winter night oppoſe it to the 
Moon when it is at the full and upon the Meridian, then place a piece of 
white paper in the Focus, fo that it may receive the contracted image of the 
Moon, and you will have fo refulgent a Light, that the ſtrongeſt eyes will not 
be able to bear it; and yet in the center of the Focus there will be a very 
piercing Cold. The fame Experiment was performed by that famous Engliſh 
Philoſopher Dr. Robert Hook, (who ſeemed formed by nature for Experimental 
Philoſophy) with a double Convex-glaſs, and the image of the Moon received 
upon a paper in the Focus was exceſſive bright; and yet upon putting a very 
nice Thermometer into the Focus there did not appear the leaſt ſign of Heat, 
or Fire. The ſame thing was afterwards confirmed by T/chirnhauſen's glaſſes at 


Paris. Mem. de P Ac. Roy. des Sc. 1699. p. 110. And laſtly, in the Focus of YVilett's 


Mirrour directed to the Sun at mid-day, there is not the leaſt appearance of a 
lucid image, unleſs it falls upon an opake Body, or a perſon ſhould on a ſudden 
fatally put himſelf directly againſt it; and yet there is in that very place a Fire 
ſo intenſly hot, that it is able in the leaſt inſtant of time to melt even ſtones 
themſelves. Now will any one pretend that Light can be a proper meaſure of 
the quantity of Fire, when we evidently ſee, that there may be the ſtrongeſt 
Fire without any viſible Light; and on the other hand, the moſt refulgent 
Light without producing the leaft degree of Heat ? 


Upon the head of Colour now, there is little room to ſay any thing: For as And cours 


this is either Light itſelf, or a various reflexion of Light from opake Bodies, 
it is evident from what has been demonſtrated of Light's being an inſufficient 
mark of Fire, that Colours of conſequence muſt be much leſs ſo. 1 0 


As theſe, therefore, do not anſwer our purpoſe, we muſt carefully examine 4 the o. 
the remaining effects of Fire, to ſee if we cannot at laſt diſcover one of them, ther effects 


which will ſerve us as a certain token, and a proper meaſure of the preſence, 
and quantity, of this moſt active Element. But alas, Gentlemen! the more 
accurately one contemplates them, the readier one is almoſt to deſpair of gain- 
ing one's point, they appear ſo full of contrarieties. If we conſider, tor inſtance, 
its power of attenuating Bodies, why we ſee, on the other hand, that a great 
many are more cloſely compacted together by ir. Some are conſolidated by 
this Element, whilſt it has a power of diſſolving others. Many it ſeparates into 
different parts, though at the ſame time it unites, and combines others more 
A. | M 2 | intimately 


of Fire, 
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Elements of CHEMISTRV, Part II. 
intimately, than can be effected by any thing elſe; as we ſee plainly in the 
making of Glaſs, and the mixing of Iron and Gold. But this fruitful argu- 
ment will carry me to too great a length: In ſhort, therefore, I'll venture to 
aſſert, that you can ſcarce mention any one effect of Fire, which you may ima- 
gine to hold good in all Bodies, but I'll ſhew you a quite contrary one pro- 
duced in ſome, by the very ſame Fire. You'll be apt therefore to ſay, does 
then this wonderful cauſe produce no one effect, which is always, and every 


where the ſame, perfectly inſeparable from it, and conſtantly invariable in 


every kind of Object? Why, Gentlemen, I believe there is ſuch a one; and 
by the moſt faithful, and diligent inquiries I have been able to make, I never 
could diſcover any more. = | 

For upon a careful examination of natural Bodies, I don't find any one to 
which that Being may not be applied, which we generally call common Fire, 
whether ſolar, artificial, or ſubterraneous : But ever body, without exception, 
that has been hitherto try'd, upon its being united with this Fire, increaſes 


in its magnitude, ſwells, and rarefies, without any — alteration in its 


weight. Nor does it at all ſignify whether they are ſolid, or fluid; hard, or 
ſoft ; light, or heavy; for the ſame law holds conſtantly and univerſally true 
in all. 5 

If you take two Bodies, however, of the ſame bulk and weight, one of 
which is ſolid, the other fluid, you will always obſerve this difference, that 
the fluid one will ſuffer a greater expanſion from the ſame Fire, the ſolid one 


a leſs: At leaſt, I have never found it otherwiſe in thoſe that I have hitherto 


made trial of. Fluids, therefore, are more proper for the examination of Fire 
by this effect, than Solids. But again, I have conſtantly found, that thoſe Li- 
quors which are leſs denſe, and light, are always the moſt rarefied by the 
lame degree of Heat; and conſequently, the expanſion of the lighter Fluids 
will moſt ſenſibly affect us, and are therefore the moſt ſuitable to indicate to 
us the very minuteſt augmentations of the ſmalleſt Fire. The truth of this. 
I confirm by the following Experiment: You perceive, that this Glaſs in 


wy Hand, which conſiſts of a ſpherical Body, and a narrow cylindrical Neck, 


is filPd with fair Water as high as this mark which you obſerve on the Neck; 
as ſoon now as I dip the bulb of the Glaſs into the warm Water that is con- 
tain'd in this open veſſel, you ſee immediately that the Water in the Neck 
riſes above the firſt mark, and aſcends continually, ſo long as it acquires a ſtill 
greater and greater degree of Heat. Again, if I take it out of this Water, 


and put it into that other which is ſomewhat hotter, you perceive that it riſes 


ſtill higher in the Neck of the Vial. And laſtly, as I move it nearer and 
nearer to the Fire, you diſcern that it is more and more expanded; and that 
it deſcends again by degrees, as ſoon as ever I remove it farther from it. 
Now does it not hence very plainly appear, that the Water is expanded by 
the Fire, ſo as to take. up a greater ſpace when it is heated, than it did when 


it was cold, and that, without any ſenſible increaſe of its weight? And is it 
not as evident, that this ſolid glaſs Veſſel is not equally dilated with the Water; 


ſince, tho? this is heated to the ſame degree, and indeed ſooner than the Water, 
yet the Bulb is not now able to contain it as it did before, and therefore ſome 


of it riſes into the Neck? Again, pleaſe to turn your Eyes this way, and here 


you'll ſee how much quicker Alcohol of Wine riſes in this Glaſs, when it is 


immerged 
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immerged in the ſame hot Water, and how ſwiftly it mounts to the very top 
of the Neck, ſo that it is ready to run out at the Mouth. Hence then, with 
me you will readily infer, that Alcohol, which is lighter than Water, is ſooner, 
and more rarefied by the ſame degree of Heat. Theſe Experiments therefore, 
tho* they may ſeem plain and trifling, evidently confirm the truth of what I 
aſſerted. And I wiſh that thoſe Gentlemen who have had a thorough know- 
ledge of Hydroſtatics, had given us the comparative weights of all the Fluids 
we are hitherto acquainted with: Then, poſſibly, I might have been able to 
lay down this as a general Rule, which the conſideration of many of them 
ſuggeſts, viz. that the ſpaces of expanſion from the ſame degree of Fire, are 
to one another, as the rarities of the expanded Bodies, or in a reciprocal pro- 
portion of their denfities. Theſe that follow are found, by Experiment, to 
ſucceed one another nearly in the order they are mentioned : 

The lighteſt of all Fluids is the Vacuum of Torricellius. 

Then Boyle's. 

Air. 

Alcohol. 

Pure diſtill'd Petroleum, Boyl. Mech. Qual. 88. 

Spirit of Turpentine. | 

Water. 
Vinegar. 
Aqua Fortis. 

Spirit of Nitre. 

Oil of Vitriol. 
Mercury. . 

See the great Boyle, in his Medicin. Hydroſt. | 
If ſeems, therefore, as if the eaſy expanſion of the ligheſt Fluids, might 

ſerve as a certain mark of the preſence, increaſe, or decreaſe of Fire : For this 
no ways depending upon our ſenſes, which we find in theſe inquiries to be ſo 
uncertain a guide, will not eaſily lead us into miſtakes. Beſides, this will de- 
termine to the greateſt exactneſs its very ſmalleſt increments, or decrements, 
which cannot be ſo nicely adjuſted by any other method that I am acquainted. 
with. And there is yet this {further advantage in it, that it may moſt expe- 
ditiouſly be called into uſe in any place whatever that you have a mind to, even 
in the inſide of Bodies, as well as without them; for it is always and every 


where equally ready for ſervice. And laſtly, it has this excellency in it, that 


this expanſion of Bodies by Fire, if it is effected in a Glaſs hermerically ſealed, 
cannot be produc'd by any other phy ſical cauſe hitherto known. We have 
now therefore at length diſcover'd that property of Fire which we were in 
ſearch after; which may, and ought to be regarded as a true, certain, indivi- 
dual, and proper mark of Fire. This then alone is what we ſhall. make uſe of 
as we proceed in the inveſtigation of its Nature; and we ſhall take it for grant- 


ed, that in every Phenomenon where we ſee this rarefaction excited, there is 


there a proportionable degree of Fire as the cauſe of it; by which means we 
ſhall have an opportunity of examining, it in almoſt every circumſtance, and 


hence may fairly reaſon about its hidden Nature, which will diſcover itſelf to 
us in every Experiment of this kind. Now in the proſecution of theſe inqui- 


ries, we hall begin with the moſt plain Experiments, and proceed in order to 


thoſe 
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thoſe that are more uncommon; and thus lead you by degrees from the ſim- 
pler, to the more abſtruſe properties of this Element. 


EXPERIMENT TL. 


Iron b in- Fire expands the hardeſt Bodies in all their dimenſions ſo long as it is con- 
Ferinalits ta ined in them. | 3 1 
dimenſions Which I thus demonſtrate. You ſee theſe two iron cylindrical Rods, which 
are exactly three feet long, and pretty nearly of the ſame thickneſs, as you per- 

ceive by their juſt paſſing through this iron Ring. ; : 
One of theſe I'll put into the tower of this Athanor, in which there is a Fire 
and when it has been there a ſufficient time to heat it, I'll take it out again. 
You ſee now that it is almoſt red hot, and that when I apply it to the other Rod 
that is cold, it exceeds it in length very conſiderably ſince it was put into the 

Fire. * | 

Decreaſes a= You obſerve farther, very evidently, that as it cools, it grows every mo- 
ain a ment ſhorter and ſhorter: And now it is quite cold, it is of the ſame length 
es nn” with the other; its length decreaſing in proportion as the cold returns, and 

the Fire leaves it. | | | _ 

1 have now again made the end of the ſame Rod red hot, and endeavour, as 
you ſee, to thruſt it through this Ring, but am not able: For you are witneſ- 
ſes, that it is a good deal thicker now than it was when it was cold. But have 
a little patience till it is quite cold again; and now you ſee it will go through 
the Ring: So that tho? this would not admit it when it was hot, yet it lets it 
eaſily paſs through now it is cold. | | 

A metkoaa If any perſon now has a mind to meaſure exactly the difference there is be- 
by which tween the length of a piece of Iron, or any other ſolid Body, when it comes red 


this increaſe 


may be mea- Out of the Fire, and when it is cooPd to any certain degree determined by the 
_ Thermometer, he may do it in the following manner: Let AB and CD 


"52" be two parallel braſs Plates, contriv'd ſo to move upon the ſide ones, that 
their paralleliſm may be always preſerv'd; and let the fide ones be divided in- 
to very {mall equal parts. Take then the Body you deſign to make your Ex- 
periment upon, and fit it exactly, when it is cold, betwixt AB and CD, 
cloſe to the Plate AC. Then pur it in the Fire, and when it is red hot, as 
nimbly as poſſible place it pretty near the ſame AC, and remove AB from 
CD, till they can contain the heated Body betwixt them; which muſt be done 
expeditiouſly, that A C may not be too much heated. You will then have 
the difference betwixt the Rod when it is cold, and after it is heated : But you 

muſt take care that the Rod be made ſharp at both ends, as you ſee in the figure 
E F, that it may heat the Plates as little as may be. The ſame thing may like- 
tig. 3. wiſe be determined in the manner following: Let AB reprefent a ſtreight 
braſs Ruler, the longer the better, at whoſe extremity B, let there be another 

pretty long one fixt perpendicularly, and minutely divided into equal parts, 

and let the braſs Hypothenuſe AD be made moveable at A, upon the plane 
ABC: Then if the heated Rod is placed upon AB, it will elevate the Ruler 

AD, and by the motion of this upon BC, you will have the difference you 

* which will be the more remarkable, the longer you make AB, and 

This expan- 1, Now this expanſion of ſolid Bodies by Fire, is ſo univerſal, that I have 


Gon happens 


1 
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never obſerved it to fail in any one that I have had as yet an opportunity of 


making trial of: Which is a remark of conſiderable conſequence in our pre- 

fent inquiry, | | BEE 
Take care, however, you don't here fall into an error, by imagining this But is de- 

expanſion to be equally great in all kinds of Bodies: For by every Experiment 3 of ng. 

that I have hitherto made, it appears that heavier Bodies ſuffer a leſs, and lighter ferent deng- 

a greater dilatation from the ſame degree of Heat; ſo that this rule ſeems to hold 

true of all in general. But let it ſuffice that J have hinted theſe things to you; 

you yourſelves will eaſily carry on theſe obſervations, ' by the help of the ſecond 


inſtrument, and examine, whether, untverfally, the dilatations of ſolids by the ſame 


degree of Fire, are in a reciprocal proportion of their reſpective denſities ? 


I did deſign to have purſued this inquiry farther myſelf ; but the multitude of 

my affairs, and the little time I had to ſpare, would not permit it : Thoſe 

things, however, which I have ſeen and perform'd, perſuade me to believe, that 

the rarer Solids are always more dilated, and the denſer leſs, by the fame Heart. | 
Bur there are ſtil] other cauſes that produce ſome variety in the degrees of u 

this expanſion of Bodies, beſides the difference of their weights; which I came otter Sul 

to the knowledge of in the following manner, I deſired that induſtrious and 


incomparable Artiſt, Daniel Gabriel Fahrenheit, to make me a couple of Ther- 


mometers, one with the denſeſt of all Fluids, Mercury, the other with the 
rareſt, Alchol, which ſhould be ſo nicely adjuſted, that the aſcents of the in- 
cluded Liquor in the ſame degree of Heat, ſhould be always exactly equal in 
both, as might appear by a ſcale fix'd on the ſide. This, after a good deal 


of intreaty, he endeavoured to do; but tho? he had made his calculations with 


the greateſt accuracy, yet upon examination I found they did not perfectly 
agree. I acquainted this honeſt Gentleman, therefore, with my diſappoint- 
ment, and he candidly confeſs'd that there was a defect, and acknowledg'd 
frankly that he did not then know the occaſion of it. However, not being 


ſatisfied himſelf, he ſer about more diligently to inquire into the cauſe of this 


difference; and upon a nicer examination he diſcover'd, that the various ſorts 
of Glaſs made in Bohemia, England, and Holland, were not expanded in the 
{ame manner by the ſame degree of Heat; but that one ſort of it was affected 
ſooner, and with more eaſe, another with more difficulty, and in a longer 
time. And hence he found out, that his method of making theſe inſtruments 
would ſucceed, if they were both form'd of the ſame ſort of Glaſs ; but would 


be defective, if one was made of Bohemian, and the other of Dutch : For it 


appeared, that that Glaſs which requires a ſtronger Fire to melt it will be leſs 


expanded, whilſt that which runs eaſily in the Fire will be more dilated, if 


they are both expoſed to the ſamedegree of Heat. How infinitely careful there- 

fore ought we to be in our ſearches after natural knowledge, if we would come 

at the truth ? How frequently ſhall we fall into miſtakes, if we are over haſty 

in laying down general rules? How vaſtly preferable is that Science, which 

is form'd with patience and deliberation upon cautious Experiments, to that 

which is the effect only of raſh and precipitate ratiocination ? 
2. This expanſion always increaſes in proportion, as a greater quantity of Thegeatr 

Fire is admitted into the expanded Body; ſo that this Rod, when it is per- the greater 

fectly white with Heat, is longer than it is when it is not red, tho“ it ſhould the Exyan- 

ſtill continue exceeding hot; and it is ſhorteſt of all, when it has laid a 4A 5 
L | while 


» ä 
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while in the moſt intenſe cold. Here, therefore, I would again recommend 
to you, the making ſome Experiments upon Iron, (which of all Metals will 
bear the ſtrongeſt Fire without being fuſed) in order to diſcover the difference 
of its length, when it is juſt upon melting, and when 1t is perfectly cold in the 
coldeſt ſeaſon : For then you will have the action of this expanſive power in its 
x greateſt latitude. | | 4 
When Solis When once Iron is put in fuſion, and becomes a fluid Maſs, it ſeems after- 
ry a wards to continue of the ſame bulk, tho' the action of the Fire upon it is in- 
their expan- Creaſed by the aſſiſtance of Bellows: And then poſſibly, if it is not capable of 
Von ceales. receiving any more Fire, nor conſequently, of being farther expanded by the 
force of any common one: For Metals, when they once are melted, do not 
ſeem, as far as one can judge, to admit any more Fire, except it is collected by 
Bellows, a Mirrour, or Burning-glafs, and by this means directed to ſome par- 
ticular part of them. TOs 


All the pats 3. Hence we evidently perceive, that Fire, as it increaſes from the greateſt 
pat in care degree of known Cold, to the moſt intenſe Heat, muſt neceſſarily dilate all 
Lian by Fe. the parts of the hardeſt Bodies to which it is applied, and remove them from 
their mutual contact. It appears farther too, that this extenſion, and the ra- 
Tity of the Body conſequent upon it, is ſucceſſively augmented, *till the whole 
Maſs, ſuppoſing it fuſible, becomes fluid in the Fire. And hence it follows, 
that all the conſtituent parts of Bodies, during the application of theſe different 
degrees of Hear, are continually expanded from the centre of their ſubſtance, 
as well as the whole Body itſelf. ps 8 

Even in the Thus then we ſee, that the particles of Fire which are diſtributed through 
very hardeſt. the corporeal Maſs, act with an equal force upon all its moleculz, or corpuſcles; 
nor is there any Body ſo hard, or rigid, that it will not ſubmit to the power of 
this Element, and may be ſo chang'd through its whole ſubſtance by the very 

gentleſt action of it, that there ſha*n't any one part of it remain unaltered. 
4. Now what is the expanſion of Bodies, but a dilatation of them into larger 
ſpaces than they took up before? Hence therefore we infer, that their compo- 
nent parts muſt be conſtantly in motion during this extenfion. Nor does it 
leſs evidently appear, that Fire moves all the particles of the hardeſt Maſs, 
both external and internal, towards every point of its ſurface, and always ſo 


much the more, the fiercer it is; till at laſt, having reduced them into a 


enen fluidity, it then violently agitates, mixes, and drives them one among 
another. 


ben Fire Does Fire then ſo attenuate and divide ſuch a Body, that thoſe corpuſcles 


into their which are thus fluid, are in reality the very Elements of the Bodies, ſo long as 
very Ele- they continue in this ſtate? And is this the reaſon, that the particles of Metals, 


> > 5 > | $$: -# 
ments? when infuſion, are ſo intimately mingled one among another, that it is impoſ- 


fible to reduce them to the ſame degree of fineneſs by any other method? Why 
certainly, the docimaſtic Art, which is the trueſt of all Arts, informs us, that 
if one grain of Gold is mix'd with a hundred thouſand grains of the pureſt Sil- 
ver whilſt they are fuſed, ſo that they may be perfectly melted together, ther, 
the Gold will be ſo diſperſed among the particles of Silver, that if you afterwards 
take the leaſt bit of this compound, you will find the proportion of the Gold 
to the Silver, as 1, to 100,000: Nor indeed, has there ever been diſcover*d 
any limits to this diviſion and diſtribution of the Gold among the Silver. If 


you 
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you accurately examine, then, the effect of this Experiment, you muſt readily 
allow, that the Fire, whilſt it gradually acted upon the Gold from its greateſt 
degree of cold, ſo agitated its elementary Particles, that they continually co- 
hered leſs and leſs, till at length their coheſion being perfectly deſtroy'd, they 
were ſeparated, and run from one another. And here, Fire, ſo long as it ex- 
erts this force upon them, is the. only cauſe that theſe Particles, tho? they 
touch one another, do not coaleſce ; for that being removed, they are again 
preſently united into one ſolid Maſs. ne EN 

I confeſs, indeed, that the parts of pure Metals, when they are put in fuſion, The ref 
retain a tendency towards a union: For I always obſerve, that Gold, Silver, tat aaa 
and other melted Metals, immediately collect themſelves into a globular figure, one another. 
perfectly in the ſame manner as Mercury would form itſelf into a ſphere, if the 
weight of its parts did not prevent it. This property, however, cannot exert 
itſelf with any effect, ſo long as the violence of the Fire is continued; which is 
pretty extraordinary. 

Again, it is impoſſible to unite two pieces of Gold together in ſuch a man- «> "ops 
ner, that they ſhall regain the tenacity that's peculiar to this Meta], unleſs aw ON 
you firſt divide them into their ultimate parts, by reducing them to a fluid parts of Me- 
ſtate by Fire; but then, as ſoon as ever they are cold, they immediately reco- they are E 
ver their former duCtility ; And what we have aſſerted of Metals, holds true pratedatun- 
likewiſe in other ſimple Bodies; as we ſee in fix'd Salts, Glaſs, and many 
others. Laſtly, it appears from what has been ſaid, that it is not only poſ- 


ſible, but really true in fact, that the moſt fix'd and ſolid Body, may be ſo 


_ continually agitated in its conſtituent Elements, that there ſha*n't be any one 


Particle of the whole Maſs, tho' ever ſo ſmall, that will be abſolutely at 
reſt. All which obſervations follow ſo evidently, from the conſideration of the 
aforemention'd Experiment, that nothing can poſſibly be clearer. Does there- 


fore the influence of Fire reach even to the moſt intimate nature of Bodies? 


Surprizing Power! 
5.. Why therefore ſhould that Phenomenon, which is often obſerv'd to hap- 
pen, any longer appear ſo wonderful, viz. that houſes built in the ſtrongeſt man- 
ner, frequently tumble down in very hot clear weather, and for the moſt part 
in the middle of the day, when there is no wind at all to affect them ? 
6. From this property of Fire we learn yet farther, that Bodies removed The Game 


into the torrid Zones, grow bigger in all their dimenſions, than they were in ae Le * 


a colder climate: That hence they will become comparatively lighter, as they in all parts of 


contain the ſame quantity of matter under a larger ſurface: That their percuſ- the world 
ſions, of conſequence, will be more feeble: That Galileo's pendulums, there- 
fore, that are made in the frigid Zones, if they are remov'd into the torrid 
ones, will increaſe in their length, of courſe, and will take up a longer time in 


performing their oſcillations 3 on which account clocks the beſt carried thither, 


will be found to vary from the truth. The ſame things in proportion hold 
true likewiſe in the ſame climate, according to the various viciſſitudes of 
Heat in the different ſeaſons of the year. 5 : 

7. That very ancient obſeryation therefore is moſt certainly juſt, that Bo- The taxity 
dies are principally'relax*d and weaken'd by Fire: For as theſe two words de- of Bowe, 
note that condition of the Solids by which they are diſpoſed to have their 
parts more eaſily ſeparated, it evidently- appears from what has been ſaid of 


— — 
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Fire, that this is the very thing it is effecting from the firlt inſtant of its act- 
ing upon them, and that through every degree of its increaſe it brings about 
this diſſolution more and more, till at length the moſt ſolid parts retain their 
firmneſs no longer, but diſſolve, and melt away. And this is confirmed by 
the univerſal teſtimony of all Hiſtorians, who inform us, that the inhabitants 
of Aſia, and Africa, wha are expoſed to the ſcorching heat of the Sun, have 
always been of a ſofter and weaker make, and leſs fit for hard labour, than 
thoſe of colder climates, And in like manner we ſee, that in the moſt ardent 
Fevers, our Bodies are quite diſſolv'd, and enervated, I confeſs, indeed, that 
at that time too they are parch'd up with the heat, and by this means grow 
dry and more rigid : But then this is not to be attributed to the Fire, as it 1s 
diſperſed among the Solids, but only as it diſſipates the moſt watery part of 


the Fluids; and in this ſenſe alone is it true, that Fire ever gives ſtrength to 
Bodies when once they are debilitated. 


EXPERIMENT II. 


| Cold eu- Cold, by which we univerſally mean the abſence of Fire, contracts the 
cs all B- hardeſt Bodies in all their dimenſions, ſo long as it remains in them, This I 
lefs ſpace, demonſtrated to you ſo plainly in the latter part of the former Experiment, 
that it would be paying a very indifferent compliment to your underſtanding, 
'< ſhouldI attempt the proof of it again. You'll give me leave, however, to 
point out to you the conſequences that evidently follow from it; of which let 

this be the firſt, „ | | . 
Of what 1. All ſolid Bodies are equally affected by this action of Cold; nor was 
Kind lever» there ever obſerv'd any one, tho? ever fo firm, and cloſely compacted, but might 
be ſtill farther condenſed by it; even Diamonds themſelves, the hardeſt of all 

Bodies, not excepted. | 


This con- 2. This contraction of Bodies is always increaſed, in proportion as the cold 


traction in- 


beten is augmented; and the former expanſion, which they had in a leſſer degree of 
proportion to Cold, is diminiſh'd; which ought to be conſider'd. | 
rhe cole. ns And, Which is pretty remarkable, this reduction of Bodies into ſmaller ſpa- 
the cavities Ces, happens even in hollow ſpheres, and orbicular rings, and is directed to- 
of Bodies wards the center of the Body, or Surface. For when this Iron ring is cold; 
| it will not admit this Iron cylinder, tho? it will receive it within its cavity af- 
ter it is heated. This glaſs ſphere, with this very narrow cylindrical neck to 
it, is fill'd as you perceive with a colour'd Liquor, as high as this mark which 
you ſee on the Cylinder: I dip this now into a Fluid, that is a good deal 
colder than the Sphere, and what is the conſequence? Why. you obſerve, that 
the Liquor in an inſtant riſes very diſcernibly higher than it was before, tho? 
afterwards, indeed, it ſinks down again. And the reaſon of this is plain; for 
the external cold being immediately apply'd to the Surface of the immerſed 
Sphere, muſt of courſe affect that, before it can reach to the included Fluid; 
and hence, that being contracted into a narrower ſpace, muſt neceſſarily expel 
ſome of that Liquor into the neck, which before it was capable of containing : 
But afterwards, when the cold has intimately penetrated into the Liquor it- 
ſelf, that is condenſed as well as the Glaſs, and ſo muſt of conſequence de- 
ſcend again. From this Experiment then we learn very clearly, that this power 
of contraction exerts itſelf, if I may ſo expreſs myſelf, upon the very ſubſtance 
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Theory of the ART. 91 
of Bodies. In other glaſs veſſels made hot, and then expoſed to the cold, this 
coarctation is much more evident. | 

3. Again, it appears, that this contraction of Bodies into leſſer ſpaces, pro- Hence the 
ceeds always in proportion to the cold itſelf ; whence it plainly follows, thet * 
ſince they ſtill contain the ſame quantity of matter in a leſſer bulk, it muſt in- del uncer- 
creaſe their comparative, or ſpecific gravity : Nor is it leſs evident, that every n. 
Solid is then actually leaſt, when it is affected by the intenſeſt cold. As there 
is, however, no aſſignable Body in which there is abſolute Cold, or no degree 
of Fire, hence, it is impoſſible to reduce any Body, an ounce of Gold for in- 
ſtance, to its leaſt poſſible ſize; tho? the proportion of this condenſation from 
different degrees of cold may be nevertheleſs diſcover'd. | 

4. From the ſole abſence of Fire, therefore, there raiſes in every ſolid corporeal The ſub- 
Maſs a very ſurprizing motion, both in its internal and external parts, by which 1 
all its Elements conſtantly tend towards its center, and by this means become denſe by 
more intimately united with one another, If then we conſider cold as a mere 9% 
privation of Fire, it follows, that this power, by which the Elements of So- cold is pro- 
lids contract themſelves into a ſmaller ſpace, muſt be look'd upon as ſomething N © Boy. 
implanted in matter itſelf, whilſt the force by which they are expanded, muſt 
be regarded as the action of Fire; which, conſequently, being external, and 
accidental, cannot exert itſelf upon Bodies, without offering them ſome degree 
of violence. Hence, therefore, all Solids would naturally endeavour to form 
themſelves into little compact Maſſes, and when they were reduced to the 
ſmalleſt ones poſſible, would enjoy a moſt fix'd perfect quiet: Whilſt on the 
contrary, they would be ſo conſtantly agitated by the action of Fire, that their 
parts could never poſſibly come to a ſtate of reſt. The laſt effect of cold, 
therefore, upon the Particles of Bodies, would be their moſt intimate union, 


and abſolute reſt: That of Fire, their diſſolution, and perperual agitation. 


Does Fire and Cold, therefore, alone, affect the very ſubſtance of Bodies, Heat and 
whilſt every thing elſe reaches only their conſtituent parts? Does perfect reſt, N 
in any part of ſpace, produce the greateſt degree of Cold? And ſhould any D 
place be perfectly free from Fire, ſo as not to poſſeſs the very leaſt degree o- f 
it, would there of conſequence neceſſarily follow abſolute reſt? 

5. Hence it appears farther, that Pendulums growing ſhorter about the Poles The figure 


| L | : L "hi 1 of the Earth 
of the Earth, will perform a greater number of vibrations within any given bn —_ 


time; and their appended weights being condenſed, will ſuffer a leſs reſiſtance and Cole, 


from the Air. And hence too does it not ſeem probable, that the Cold to- 


wards the Pole, and the Heat about the Equator, are one cauſe of the ſphe- 
roidal figure of the Earth? | | 


6. Again, Cold condenſes all ſolid Maſſes, by reducing that very part of Denſity from 


them, which we call Body, into a lefſer ſpace than it took up before; and © 


hence their whole matter being more cloſely united, there almoſt always ariſes 
a {tronger coheſion of the Maſs in general ; which is what we call ſtrength, 
and firmneſs, From the ſame cauſe too, the particular Particles of which the 
Body is compos'd, are more ſtrongly compacted together, nor ſuffer them- 
ſelves to be ſo eaſily ſeparated aſunder, as they were in their former ſtate 
which therefore is a ſecond cauſe of their ſtability. And laſtly, as far as one 
can judge, the very conſtituent Elements of Bodies are render*d more denſe * 
by Cold, as well as the whole Maſs ; * this gives them the greateſt degree 
2 | 0 
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of ſtrength, and was what we juſt now called acting upon their very ſubſtance. 
But, Gentlemen, what notion can the moſt ſubtle penetration form of ultimate 
Body? For my own part, I confeſs, all that I can conceive here is this, that 

any ſingle Body, ſuppoſing it ſimple, is compoſed of leſſer Bodies perfectly like 

the greater, and theſe again in the ſame manner of ſmaller, and ſo on 
beyond any limits that the mind is capable of fixing: That there is a certain 
principle implanted in ſome corpuſcles by the great Creator, by which they 
are united and form'd into little Maſſes, which it is not poſſible for any natu- 
ral, or artificial Power, to ſeparate aſunder; and which of conſequence re- 
main always the ſame, notwithſtanding all the violence that can be exerted upon 
them: And laſtly, that theſe may be concreted with one another, and by their 
reciprocal attraction, produce ſo firm a union, as will be very ſeldom deſtroy'd, 
and then only by ſome few particular cauſes, which will be able to effect no- 
thing more upon them, than barely dividing them aſunder, and reducing them 
again to their original ſtate; for then they will be perfectly immutable as they 
were before. Theſe few ſimple things, are all, that upon the moſt intent in- 
quiry into the powers and operations of Nature, I have been able to come to the 
knowledge of. Hence we underſtand what were the Atoms of Democritus, 

the Monads of ſome Philoſophers, the Hylarchic Principles of others, and the 
laſt Principles of Bodies of almoſt all Philoſophers in general. Are thoſe Par- 
ticles therefore ſo ſolid, that they won't admit even Fire itſelf within them? 
And hence are they neither dilatable by any natural power, or reducible into-a 
lefſer ſpace ? And of conſequence, does condenſation and rarefaction affect on- 
ly the corpuſcles which are compounded of theſe Elements, and not the very 
Elements themſelves? Be this as it will, this 1s certain, that both the Philoſo- 

hers and Phyſicians have conſtantly obſerved, that all Solids in the Animal, 
egetable, and Foſſil Kingdom, are ſtrengthen'd by cold, and the condenſa- 

tion that ariſes from it. | 
A Duumvi- 7. The alternate viciſſitudes of Heat and Cold ſeem to produce a continual 
rate and vi- motion and agitation. in all the Bodies in the univerſe, and in all their Particles, 

ee as often as they ſucceed one another, inaſmuch as the actions of each of them 

Cold. muſt neceſſarily bring about the effects already mention'd. 

Always ad 8, Now theſe ſeldom continue to act long upon Bodies in the ſame degree, 
ey where but are perpetually changing, and when one begins to grow exceſſive, it is 
: generally ſoon temper'd by the ſucceſſion of the other, whoſe effects are quite 
contrary to the former. For if we diligently examine into the order of Nature, 

we ſhall find nothing more cautiouſly provided againſt, than that the ſame de- 

gree of Cold or Heat ſhould reign for any conſiderable time. Is not the Earth, 

for inſtance, diſpoſed in ſuch a manner, with regard to the Sun, that at one 

time it may receive its rays in a more oblique direction, at others in a more 

perpendicular one, nor ſhould ever remain for the leaſt ſpace of time in the 

ſame aſpect? by which means, this perpetual. change of Heat in the different 

ſeaſons of the year, brings about very different effects. Nor is there a leſs. 

variation produc'd in Heat and Cold by the alternate ſucceſſion of day and 

night; for hence it comes to paſs, that they ſeldom continue in the ſame de- 

Sree, for ſo ſmall a time as the ſpace of an hour: Nor are the Meteors we ob- 

rye in the Air, a leſs evident proof of this mutabilicy.' The Sun again, has. 

no ſooner parch'd up the Earth with its ſcorching Heat, and fill'd the Atmo- 

| | ſphere 
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fphere with va pours and exhalations, but there very ſoon follow Clouds, Thun 
der, Lightning, Hail, and Rain, ſo that inſtead of that exceſſive Heat, there 
preſently ariſes a very conſiderable Cold. From theſe conſiderations then, I 
can't but infer, that in every ſolid Body that exiſts in our World, there is a con- 
ſtant periſtaltic or oſcillatory motion of all the particles that enter into its 
compoſition. | | | | 

9. It appears evident, now, that this reciprocal ſucceſſion of Heat and Cold of gre uf 
induces very different and more powerful alterations in Bodies, than either. of he word.. 
them would do were they continued any conſiderable time in the fame degree. | 
By the ſame Heat, for inſtance, acting upon them a long while, Plants and A- 
nimals are rendered dry, and the remainder becomes more durable ; and a con- 
ſtant Froſt effects the fame: Whereas if theſe very frequently ſucceed one an- 
other, there follows an intimate ſolution of bodies, which are hereby diſpoſed to 
become volatil, and are in a great meaſure diſſipated into the Air. But there would 
be no end, ſhould I only hint at the effects that are hence produced. 

to. For this reaſon the wiſe Author of Nature ſeems to have ordained that Putting | 
ſuch a viciſſitude of things ſhould be fixed, and unalterable; that thus the eien 
whole univerſe might remain in a perpetual motion, not only in the larger «en to its 
Bodies that compoſe it, but alſo in their moſt intimate and ultimate particles, mc 9-0 
that by this means che production, increaſe, ſtate, decreaſe, and diſſolution of ; 
every thing might be brought about by the ſame law. 8 85 

11. But who, now, will pretend to determine the ultimate limits of Cold? eld e. 
Or where is that ſo intenſe, that it cannot be increaſed? There, you'll be apt to be deter- 


to ſay, where there is no Fire. True; but it is impoſſible for us to find any e 


ſuch place; nor can the ſubtleſt Artiſt with all his ſkill ever perfectly extract 
Fire out of any Body, or any part of ſpace. Upon this head, therefore, we 
need not trouble ourſelves with any farther Inquiries. May the ultimate de- 
gree of Heat, therefore, be more eaſily diſcovered? Nothing leſs ; for we are 
here as much at a loſs to find out the greateſt quantity of Fire that may be 
contained in any given ſpace, as we were before to aſſign any place that is abſo- 
Jutely free from it. The violence of that Fire which we fee collected in the Focus 
of a large concave Mirrour, or a convex Burning:glaſs is apt to ſtrike us with 
aſtoniſhment : But who knows how prodigioully this power might be increaſed, 
if the concave ſurface of the Speculum was vaſtly greater, and of a conoidal, or 
parabolical figure? Or if it could be made of a ſubſtance perfectly ſolid with- 
out the leaſt Pore in it? Or laſtly could it be formed of ſome matter of ſuch a 
nature, * it would reflect the rays exactly in the ſame manner as they fell 
upon 1t? * 1 

1 2. Tis ſufficient, however, for our purpoſe, if we can determine the dif- The degrees 
ferent degrees which happen commonly here upon our Earth. And it is very eee rn 
eaſy now to inform ourſelves, what alterations happen in the increaſe or de- ether. 
creaſe of Heat, and when it continues the ſame, by what has been already de- 
livered : For here (as our ſureſt guide) we have principally to regard the dilatation 
or contraction of Bodies, which by proper inſtruments may be readily aſcertained 
without difficulty. | 

13. In the mean while it muſt be confeſſed, that it is both an ingenious And exatity- 


1 * . . * „ u h be 
and difficult work to determine the quantity of Fire in any given place, ſo as wins.” Þ 


to be able to expreſs the proportion of it in numbers to any other known Fire, number 
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It is eaſy enough, it's true, to perceive whether it is increaſed, or not; but 
to diſcover the degree of this augmentation, is vaſtly more difficult. It will 
appear, however, preſently, that even this, hard as it is, is not impoſſible, 
but may be attained to by human induſtry, All theſe things now, ſeem ſo 


evidently to flow from our firſt and ſecond Obſervation concerning the nature 
and preſence of Fire, that I think they may be fairly taken for granted, nor 


will they be of ſmall ſervice to us in our chemical Inquiries. 


ExXPERIMENT III. ” 

Common Air, is every way expanded by the leaſt increaſe of Fire in its 
whole bulk, and in all its parts. e 

This the Philoſophers were long ago acquainted with; tho? the illuſtrious Boyle 
ny ſet about the proof of it: Upon this head therefore we need not 

etain you. 8 

| The reuch of this was ſufficiently demonſtrated formerly by the Thermome- 
ter invented by Cornelius Drebbelius of Alcmar ; for this purely by the aſſiſtance 
of rarefied, or condenſed Air, very evidently repels liquors from it, or at- 
tracts them to it. You ſee, for inſtance, by only breathing upon this Sphere, 
I make the coloured fluid in the neck to fall lower: But as ſoon as I leave 
off it begins again to aſcend: And upon the approach of a warm hand to- 
wards it, you perceive the ſame effe& is inſtantly produced. Now theſe In- 
ſtruments may be rendered ſo ſenſible of the very leaſt degree of Heat, that 
by the help of them you may plainly diſcern the perpetual Syſtole, and Di- 
aſtole of the Air, which is never obſerved to be at reſt. The conſtruction is 
as follows, Let your veſſel that is to contain the Air be made of thin and 
very clear glaſs, and formed of two Segments of a Sphere joined together, and 
ſo contrived that the two great oppoſite Segments AB, CD, may be pretty 
near one another : And here the larger the veſſel is, and the leſs ſpherical the 
Figure, if the Air can but be eaſily contained in it, and freely paſs in and 
out, the fitter it will be to demonſtrate theſe minute differences. To this 
veſſel then let there be connected a {lender pipe EF, open at F, and as nar- 
row as it can be made, without hindering the free paſſage of the Air with 
all its force. If this Inſtrument, now, being full of common Air, as it will 
be of courſe if it is expoſed to it, has its lower orifice F immerſed in a veſſel 
filled with water deeply tinged; and you then gently heat the glaſs ABCD, 
you will preſently obſerve bubbles of Air paſs out of EF, by the mouth 
F, which will continue to do ſo, as Jong as you keep the Fire near the glaſs. 
When, therefore, you have forced out a ſufficient quantity of Air, which 


muſt be but a few little bubbles, remove the Heat, and the coloured liquor 


will immediately aſcend into the neck; and if you have taken care that too 
much Air was not expelled, it will get no higher than about the middle of 
the pipe EF ; and then you will have the pleaſure of obſerving the perpertual 
riſings and fallings of the liquor in the wal 1 at the ſmalleſt changes of Heat, 
and Cold. And this will be always the more evident the thinner the glaſs 1s, the 
larger the veſſe] ABCD is in reſpect of the Cavity of the pipe EF, and the nearer 
the Segments AB, CD, are made to approach to one another; as is eaſily 
demonſtrated by Hydraulics. You readily apprehend, now, why I prefer 
the Segments AB, CD to a Sphere in this Inſtrument, and why I would haye 

| them 
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5 Theory of the R RTI. 95 
them but at a ſmall diſtance : For you ſee plainly that by this means the ſurface 
of the included Air being much increaſed, either Heat, or Cold will be more 
readily communicated quite through it. But that the truth of this may ap- 


pear evidently to you all, ſee here I take this chemical glaſs with a large 
belly, and very (lender neck; which being now full of the common Air, we 


breath at this time, I thus invert, and immerge into this Water. You obſerve 


now, that as I bring the Fire near the glaſs, the included Air runs out of the 
neck in bubbles through the Water. You conceive therefore, that there is leſs 
Air at preſent in the veſſel than there was before, and that in proportion to the 
quantity of bubbles that were forced out. Ill now remove the Fire: and you 
ſee how inſtantly the Water aſcends into the neck; and perceive farther, that as 
I bring the Fire nearer, and remove it by turns, how the Water alternately 
riſes, and falls, ſo that it ſcarcely remains a moment at reſt. | 


CoROL, 1. 


This expanſion of Air by Fire extends to a prodigious ſpace, nor can eaſily pire in reali- 
be determined by any Experiments. For a proof of this, heat a hollow ſphe- And 
rica] glaſs in a glaſs-houſe furnace till it is juſt ready to melt, then hermetically 
ſeal it there, and afterwards carefully cool it by degrees, and you will find that 
even then it is not perfectly void of Air: For if you fink it under Water, and 
there break off the end of the neck, the Water indeed will ruſh in with great 
violence, but ſtill there will always remain a ſpace at top full of Air, which 
is able to ſuſtain the whole weight of the Atmoſphere. 

Hence, therefore, we evidently learn, that though the intenſe Fire of the But does not 
furnace rarefied the Air to a prodigious degree, yet it was not able totally to it? = 
expel it, It is probable indeed, that a greater degree of Heat would till have 


rendered it more rare; but it is equally probable that it can never be expanded 
in inſinitum, and that therefore, there will always remain ſome Air in the very 


ſtrongeſt Fire. From ſome Obſervations made on this head the famous Des 
Amontons has ingeniouſly inferred that the ſpace into which Air is dilated by the 
degree of Heat neceſſary to make Water boil, is a third part greater than that 
which it took up before. I am aware of a plauſible objection, that may be 


made to the inference drawn from the laſt Experiment, and that is, that the 


Air which thus collects itſelf at the upper part of the glaſs, when it is immerſed 
in the Water, does in reality proceed from the Water, whilſt It is forced into 
the neck by the preſſure of the Atmoſphere: For as this repletion is ſucceſſive, 
the firſt portion of Water that enters, is in reality, in a more perfect vacuum than 
that of Boyle; and conſequently the Air which 1s mixed with that Water, 
will endeavour to diſengage itſelf, will ruſh into this vacuum, collect itſelf there, 
and thus hinder the perfect repletion of the veſſel, To this I anſwer, I will 
allow you indeed that ſome Air may have come into the glaſs, in the manner 
you mention, but then it muſt be with this limitation; that all the Air that 
thus extricates itſelf out of the Water into the empty glaſs, will be always 
again abſorbed by that Water from whence it came, and then the whole cavity 
will be perfectly filled with Water; for this the accurate Mario! has happily 
diſcovered, and I ſhall evidently make appear when I come to treat profeſſedly 
of Air: Since therefore (in this caſe) the Air will not be abſorbed, and the Sphere 
be filled, it is plain that the ſpace that will not admit the Water, does really 
2 contain 
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contain a portion of true Air, which the force of the Fire dilated indeed, but 
was not able perfectly to expel z which was what I aſſerted. 


Caro rb. 2. | 


The dif- If we conſider now the dilatation which was before demonſtrated in Iron, 

fereace be- how very ſmall is that, even in a Fire ſo ſtrong as to heat it red hot? How 

expanſion of great on the other hand do we obſerve the expanſion of Air from a ſmall degree 

2 of Heat? We found indeed that Iron is capable of being preſently extended by 

8 a very gentle Fire; but then, this was not to be diſcovered without the aſſi- 
ſtance of an Inſtrument; whereas the difference of the rarefaction of Air by 
the ſame Fire, is vaſtly remarkable. No Body that we are acquainted with is 
more eaſily affected by Fire than Air; nor any one put into fuſion with more 
difficulty than Iron, or which is the ſame thing, diſtended to its greateſt 
Aimenſions. 


CoA O. 3. | 2 pig! 

"The expn- Hence we may have the pleaſure of determining the leaſt increaſe of the 
fon of Air Heat of Air almoſt to any given meaſure, that can here be of ſervice: For 
er” we have nothing to do, but to make the ſpherical Segments in the Inſtrument 
Heat, d above deſcribed very large in proportion to the capacity of the pipe, and to 
cernible. » ; | . . | 

make this very long ; for then, the leaſt difference of Heat will be very ſenſibly 

diſcerned in the. pipe. | 5 


Gen et. 4 


The greateſt, But whereas the greateſt natural Heat of the Air, even in the moſt ſultry 


b. he A. Dog-days, is rarely obſerved to come up to the goth degree in + Fabrenheit's 


in the Air. 5 G i f 
+8 Plate Thermometer, hence we know exactly the limits of that Heat, which it will 


V-antVI- be found hardly ever to exceed. 


ferent weights of the Atmoſphere at the ſame time; for that muſt likewiſe 


enter into the conſideration, By this means, then, and with very little trouble, 


you will be able to obſerve the ſmalleſt increaſes of the leaſt degree of Heat. 


Cron gib. 5 


Air is never If we conſider, therefore, the very eaſy dilatability, and contractility of Air 
by the very leaſt augmentations, or diminutions of Fire, and at the ſame time 
remember that theſe are in a conſtant viciſſitude; does it not evidently appear 


that this Air can never be at-reſt, but muſt ſuffer a perperual agitation in all 
its parts, by which even its very ultimate particles muſt be kept in a contant 


ofcillation? And this will hold as true in what we call the open Air, which is. 


only kept within its bounds by, the weight of the incumbent Atmoſphere, as 
it does in that Air which is perfectly confined in a cloſe. veſſel, _ 


EXPERIMENT IV, 


Air, by the leaſt decreaſe of Heat, is every way contracted, both in its whole 


This 


bulk, and in all its parts. 
3 


All its natural variation therefore in this re- 
ſpect will conſiſt in its decreaſe below this degree. Hence therefore the uſe of 
the Drebbelian Thermometer is very eaſy, and very ſerviceable. But then you 
muſt take care to have always a Barometer near it, in order to meaſure the dif- 
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This was evident in all the inſtances we gave under the third Experiment; 


for this contraction was always obſerv'd to follow, in proportion as the Fire 
was removed, | | 


Co Rol. 1. 


The ſpaces, into which Air is thus reduced, grow conſtantly leſs and leſs, ſo 
long as the Heat decreaſes; and conſequently, there is no ſuch thing as deter- 
mining the leaſt poſſible ſpace that any quantity bf Air may be contracted into, as 
it is impoſſible to free it abſolutely from Fire; as has been already taken notice 
of. In the glaſs Thermometers of Drebbelius, expoſed to a ſucceſſively increaſ- 
ing Cold, this obſervation appears very evident, 


Co Rol. 2. | 


The greateſt contraction that is obſerved in any other Body from the moſt 
intenſe cold, is leſs than the condenſation that the Air ſuffers from the very 
leaſt decreaſe of Heat or Fire, that our ſenſes are capable of diſcerning by any 
other method. And hence for this reaſon, likewiſe, the Air is the fitteſt of any 
thing to diſcover to us the quantity of Fire. N | 


COROL. 3. 


Apain, any diminution of Heat or Fire, or the leaſt augmentation of Cold, 
may be rendered viſible, and adjuſted to any aſſigned meaſure : For this is 
the converſe only of the third Corollary of the third Experiment. 


CoROL. 4. 

The uſe therefore of this Air-Thermometer, will be ſo much the more ex- An taquiry 
cellent, and eaſy, as the greateſt degree of artificial Cold, and the intenſeſt na- oo 
— Cold of the Winter Seaſon, have been very nicely determined by Ob- gre of Cola, 
ervation. | : 

In the moſt ſevere Cold in the year 1709, the liquor in Fabrenbeit's Ther- pie natural, 
mometer was obſerved, in Iceland, as low as the firſt number; and I myſelt ſaw 
it one morning this year in our Univerſity garden almoſt down to number 5. 

As for the contrivances that have hitherto been invented to excite artificial hen ar 
Cold, no body has yet been able by the help of them to produce a freezing ficial. 
Cold in Summer, till there firſt appeared a conglaciation of Water, either in 
form of Snow, Ice, Hail, or Hoar-froſt: For though ſome perſons have come 
pretty near it; yet it would never ſucceed, *till the ſeaſon was grown conſi- 
derably Cold, and inclining towards the freezing point, and thus rendered the 
Water cold, and fit for the purpoſe. There have indeed been a great many, 
and very laborious Experiments made uſe of, in order to produce the greateſt poſ- 
ſible artificial Cold. And it has long ago appeared by chemical Obſervations, 
that Salts, the very inſtant they are diſſolved in Water, will excite a greater 
N degree of Cold, than was in either of them before the mixture. Now the prin- 
| cipal of theſe for this purpoſe, is the common pureſt Sal- Ammoniac; with which 
I made the following Experiment. I took four ounces of this Salt, and reduced 
5 it to a fine dry powder, and let it ſtand all night in a clean dry glaſs ſtopped 

very cloſe with a cork. In this condition I put the glaſs with the included Salt, 
which was ſo ſecured that no moiſture could poſſibly come at it, into on fair 
| ” atcr 
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— : Water that had ſtood a whole night expoſed to the open Air y and by this 
means I brought the Salt, Water, and Glaſs exactly to the ſame degree of 
Cold. In the morning, then, I placed one of Fahrenheit's Thermometers in 
this Water, till the Cold of it had fixed the included liquor at the degree 73 
above O; and then at once I threw the four ounces of the Sal- Ammoniac, into twelve 
ounces of this Water contained in a cylindrical glaſs, and with a tick I briſk] 
ſtirred them about, and mixed them together; upon which the liquor in the Ther- 

mometer immediately fell from the firſt degree 53, to the degree 25 ; the ſame in 


the Air open ſtanding at the ſame time at 51. Hence, therefore, it evidently 
appears, that Sal-Ammoniac mixt with Water in a ſubtriple proportion, will 
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generate 28 degrees of Cold in this Thermometer, Y 
Artificial And of conſequence, a Cold that will produce Ice may always be excited by E 
Cold fer Art, when the Heat of the Air don't make the Thermometer riſe above the 3 
3 a degree 60, For it is obſerved, that as ſoon as ever the temper of the external: I 


Air reduces the liquor in the Thermometer to the degree 32, then Water, too 
being equally cold begins to form itſelf into Ice. The colder therefore the Air 
grows from the degree 60 towards the degree 32, the more will the artificial Cold 
produced by this method exceed that which is neceſſary to turn Water into Ice. 
fink « When the Coldneſs of Water therefore is about the degree 32, this mixture 
ereater de- will excite a Cold, which will ſink the Thermometer almoſt as low as the de- 
Wy gree 4. But now if we take ſome Water in a large veſſel, and by this ſo- 
lution make it 28 degrees colder than it was before; and then place another: 
ſmaller glaſs full of Water in this cold Lixivium, and by this means give this. 
ſecond Water as great a degree of Cold, as this Lixivium, which will remain cold 
a good while, can communicate to it; we may then, by mixing freſh Sal- Am- - 
moniac with the Water in this ſecond glaſs, whilſt it ſtands in the firſt Lixivium, 
quickly produce even in the hotteſt weather a greater degree of Cold than was. 
ever obſerved in our Country. And yet again, if we take the Ice that we may 
— procure by this contrivance, and mix that with new cold Sal- Ammoniac, the- 
Cold thus generated will be ſtill more intenſe :- So that by this method, we 
may, in the middle of Summer, preſently excite a ſharper Cold than that of the 
| ſevereſt Winter. 8 
The fre- Give me leave, however, to mention one caution, that may here be of ſer- 
ing point-not vice to prevent your falling into miſtakes, which is, that it is not ſo eaſy to- 
krrable. determine that. temper of the Air, which is juſt neceſſary to the production = 
of Ice, as one may at firſt imagine, For Heat, and Cold, when they are once 
communicated to Bodies; remain in them a conſiderable while before they leave 
them: And the denſer they are, the longer will they retain the Heat impreſſed . 
upon them; as will be demonſtrated in its proper place. And hence it comes 
to paſs, that though the Air is cold enough to reduce the liquor in the Ther- 
mometer to the degree 32, yet there will not immediately be Ice upon the 
Water; for this being more than 800 times denſer than common Air, will: 
continue warm from the former Heat a conſiderable time after the Air has been 
affected with a new degree of Cold. It any perſon, therefore, deſires nicely to - 
inform himſelf in what temperature of the Air Water will begin to freeze, let 
him make uſe of the following method. Firſt ſuſpend your Thermometer in 
the free open Air; for I have obſerved, that it you hang 1t againſt a wall, or 
any other Body, the Warmth that is in them will have ſome effect * it 
N 8 * When. 
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When you have in this manner exactly diſcovered the Heat of the Atmoſphere 
by your Thermometer, expoſe a ſmall quantity of Water to the Air in ſuch a 
manner that the ſurface of it that is contiguous with the Air may be as large 
as poſſible; which is beſt effected by dipping a fine clean cloth in fair Water, 
and then hanging it open in the Air, and keeping it there ſome time. By this 


means, that upon the firſt freezing Cold, the cloth will grow ſtiff, and thus ſhew 


that the Water at that time begins to be hardened into Ice. And by this 
method, I have obſerved that Water will begin to freeze, if it is as Cold as 
the Air is when the Thermometer is almoſt at the degree 33; though it will 
not do fo, if it is kept ſomething warmer than the Air, by any Body that is 


near it, or by the largeneſs of its own bulk. 


And hence it comes to paſs that Hoar-Froſt, which is nothing but a moiſ- Her-Frot 
ture congealed on the broad ſurfaces of thin Bodies, as Graſs, Leaves, and the PD a 
fine aſperities of the ground, appears a good while before we ſee any Ice. And in 
the ſame manner as Winter comes on, this white Froſt appears on bridges that are 
ſuſpended in the Air, before there is the leaſt ſign of Ice in the Streets, or on the 
Water. But who don't plainly ſee that this is occaſioned by the arch's not being 
contiguous to any thing elſe, and of conſequence being every way expoſed to the 
Cold of the ambient Air? And for the ſame reaſon it thaws there as ſuddenly. 
Whereas Bodies that are thicker, retain their former Heat longer; for as they can 
only receive the impreſſion of the Cold by their ſurface that is in contact with 
the Air, they hence muſt propagate it gradually through their ſubſtance 
towards their Center of gravity 3 and by this means they ſucceſſively acquire a 
greater and greater degree of Cold, till they have been ſo long expoſed to the 
Air as to be equally affected by it quite through. And here, how much time 
is neceſſary for this purpoſe it is not eaſy to determine. 

From what has been ſaid, therefore, upon this head it appears, that the li- 
mits of the moſt intenſe natural Cold that has been obſerved, have been found 
to deſcend to O in the Thermometer; whereas Art, by diſſolving Salts in the 
coldeſt Water, could never reach below the degree 4, or 3. 

The indefatigable induſtry, however, of the ingenious Fahrenheit has diſco- producion 


vered ſomewhat yet farther in this affair, which before ſeemed quite incredible, ofa furpriz- 


: . : . Cold. 
and which I think well worth relating in the ſame manner as it was communicated * 


to me by the Author himſelf, to whom all lovers of natural knowledge will 
be ready to make proper acknowlegements for this ſurprizing Experiment. 

The ſeverity of the Winter of this year 1729, gave him an opportunity of The great 
making ſome Experiments for the production of artificial Cold; and among 11 Per. 
the reſt, it fortunately came into his mind to try what would be the effect of bir 
pouring Spirit of Nitre upon Ice, the Spirit being ſo ſtrong, that its weight, 
to that of pure Water, was as 1409 to 1000, when the Heat of both was 48 
degrees. He took, therefore, ſome Ice, and pounding it very ſmall, poured 
upon it two ounces of this Spirit of Nitre; by which means there was inſtantly 
produced ſuch a Cold, that the Thermometer being preſently immerſed in 
this mixture, the liquor ſubſided more than 4 degrees below O. This unex- 
pected and very ſurprizing event raiſed the curioſity of this excellent Artiſt, who 
could not reſt till he had made ſome farther diſcoveries. He contrived, there- 


| fore, a Thermometer with Quickſilver ſenſible of the very leaſt alteration of 


Heat, which he very nicely divided into parts that might be caſily Ciſcerned, - 
* O 2 e an 
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and conſtructed in ſuch a manner, that O in the cylindrical neck ſhould be 76 
degrees above the bulb of the glaſs. © The Spirit of Nitre, then, abovemen- 
tioned being reduced to the ſame Coldneſs as the Air which was at that time 
16 degrees, he poured ſeven ounces of it upon ſome Ice finely pounded; and 
the Thermometer immediately fell 30 degrees, viz. from 16 degrees above O, 
to 14 degrees below it. The Mercury in the Thermometer being then at reſt, 
he poured off the fluid part, and to the remainder of the Ice which was not 
diſſolved, and was now ſo very cold, he put freſh Spirit of Nitre ; upon 
which the Thermometer ſunk to 29 degrees below O. He had then no more 
Spirit by him, and therefore could not at that time proſecute this experiment 
any farther, | . 
He poured, therefore, Spirit of Sea Salt that was 17 degrees cold upon ſome Ice 


| beaten very ſmall ; and the Thermometer ſunk in an inſtant to the degree 8 below O. 


Then decanting the liquor, he mixed freſh Spirit with the remainder of the Ice 
that was reduced to this degree of Cold; and the Mercury ſubſided to the de- 
gree 14 below O. Being pleaſed, therefore, with the agreable ſucceſs of theſe Ex- 
periments, the curious Author was reſolved to carry them ſtill farther, and there- 


fore provided ſome of the ſame Spirit of Nitre. But the temper of the Air being 


then ſo altered that it thawed, he was forced to contrive a method to preſerve an 


and when the Thermometer applied to it would fall no lower, the fluid part was 


artificial Cold after he had produced it; which he did in the following manner. 


He got three veſſels made of very thin plates of Iron, of a cylindrical figure, 


and almoſt 6 4 inches wide. In theſe he placed three cylindrical glaſſes of 32 


inches diameter; ſo that the diſtance betwixt theſe and the ſides of iron 
veſſels was inch anda 2; nor did the bottoms of the glaſſes come nearer the bot- 
toms of the other veſſels than by the ſame diſtance. Thefe ſpaces, then, be- 
tween the two veſſels he exactly filled up with cotton, that the Cold might be 
retained the longer, nor might be too ſoon affected by the Warmth of the 
Air, when once it was produced. Theſe three veſſels, then, being thus pre- 


pared, the glaſſes were filled with pounded Ice, and in them were placed three 


glaſs Tubes of 3 of an Inch diameter, filled with Spirit of Nitre, which was 


at that time 32 degrees warm 3 and the Water that ran from the beaten Ice 


was carefully poured off, This being done, ſome Spirit was put upon the Ice, 


poured off from the remaining refrigerated Ice, and at the ſame time the Spi- 
rit of Nitre, that was reduced to the ſame degree of Cold in the other glaſſes 
by the affuſion of this Spirit, was poured upon the Ice. After this, then, had 
been repeated in the ſame manner four times, the ſpirit of Nitre made uſe ob 


being thus kept exceeding cold, and the liquor being carefully poured off from 


the Ice after every affuſton of the Spirit, he obſerved that the Thermometer 
at laſt ſubſided to 40 degrees below O. And then, the very Spirit of Nitre being 
acted upon by ſo great a Cold, ſhot into fine ſharp Chryſtals about + an Inch 
Tong, and being frozen as it were itfelf, required ſhaking with ſome force to get 
it out of the Tube. As ſoon, however, as this inſpiſſated Spirit came to 
touch the Ice, they were both preſently diſſolved, and at the ſame inſtant the 


Thermometer ſunk from the degree 37 below 40. By mixing pot aſhes with 


the pounded Ice he was able to produce a Cold 8 degrees below O. 
Now what perſon living could ever have had the leaft ſuſpicion of ſuch a. 


Pbæ nomenon as this? The greateſt natural Cold- has never been obſerved to. 


ank 
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fink the Thermometer below O; and then, all Animals, and Vegetables, that ; 
were expoſed to it, died immediately: Art has increaſed it yet 40 degrees 
more: But if to 32 degrees, which is the point of freezing, you add 40. de- 
grees, the Heat of the Air will be then ſo great, that we could not bear it 
long without the alternate interpoſition of ſome refreſhment from a greater 
degree of Cold. Hence we ſee evidently, which one could ſcarcely have be- 
tieved, that Cold, which is able to turn Water into Ice, may ſtill have its 
ower increaſed by 72 degrees. Now what would be the conſequence, ſhould 
Nite ever generate ſuch a temperature as this? We find, that ſuch ſtrong 
Spirit of Nitre as was made uſe of in this Experiment would be congealed, 
We ſee Mercury is ſo condenſed in it, that it takes up a ſpace almoſt eth 
leſs than it did before. We obſerve that this wonderful Body, in ſo vaſt a de- 
ree of Cold, and with this increaſed denſity, remains equally fluid, mobile, 
and expanſible, as it was before, We know farther, that the ſubſtance of 
Mercury, from the degree 600, in which it begins to boil, to this degree 40 
below O, will be contracted z parts of its whole bulk; and conſequently 
may be rendered th ſpecifically heavier, or lighter, by the Cold, and Heat, The weight 
that we are at preſent acquainted with, Now theſe things we are abſolutely incredibly 
ſure of from Experiment; and hence we ſee that Mercury, as it is gradually —_— 
condenſed by Cold, approaches nearer and nearer to the weight of Gold. But 
who will pretend to determine, what farther degrees of Cold may be ſtill pro- 
duced, either by the powers of Nature, or Art, that lie hitherto undiſcover'd ? 
Who can deſcribe the alterations that both Solids and Fluids would undergo, 
1 were they expoſed to this degree of Cold? If we have a deſire of promoting 
5 natural knowledge, let us prepare ſuch a Cold as this, and then try what effect 
it will have upon the Bodies that we are acquainted with. By this means certainly 
we might come at an infinite number of uſeful diſcoveries, of which at pre- 
ſent we muſt be ſilent. In the mean while, however, we ought to pay a due 
honour to the worthy Inventor of this Method, who has thus ſet us an Exam- 
ple, pointed out the way to us, and furniſh'd us with proper helps for carry- 
ing on theſe inquiries to greater perfection. N 


| © 020 be ;-6.- 
And laſtly, the converſe of the fifth Corollary of the third Experiment, ap- 
pears very evident, viz. that the Air is ſcarce a moment at reſt, neither that 
which is open, nor that which is confin'd in any veſſel whatever. 


| | ExPERIMENT V. | 

Pure Alcohol of Wine is expanded every way in its whole bulk by. a.ſmall in- 

creaſe of Fire. 1 5 
For inſtance: Obſerve this glaſs veſſel, which contains 1933 parts of this 
Alcohol. You ſee it terminates in this narrow Cylinder, which has been made 
1 with a great deal of care, that it might be every where equally wide. This 
5 whole Cy linder now contains 96 of thoſe parts, of which the lower Bulb con- 
5 tains 1933, and is graduated with numbers correſponding to thoſe parts. In 
the ſevere Cold of 1709, in one of the coldeſt parts of the world, the Alco- 
hol was reduced to number 1: And yet, if the warmth of a Man in health 
is applied to the Glaſs, the Spirit will be expanded to. the number 96, and fill 
the Cylinder fo high. Cox ol. 
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'COROL.: 1. | | 
In this inſtrument therefore, the Liquor, conſidered in the ſtate in which it 


was in the greateſt obſerv'd natural Cold, may be dilated by the vital Heat of 
a healthy perſon to th part of its bulk. It is neceſſary, however, to take no- 


1 e tice, that we here ſuppoſe the capacity of the Thermometer to continue the 
». ſame, whereas, in reality, it will be increaſed, as appears by the ſecond Corol- 


lary of the ſecond Experiment. 


. 


Thedificu!- Tf we could exactly diſcover therefore the proportion of the capacity of this 
tyotdter- inſtrument in the moſt intenſe Cold, to the ſame when affected by this vital 
_ rarefattion Warmth; we could then alſo abſolutely determine the increaſe of the bulk of 
of Fluids. this Fluid by the greateſt degree of Heat contained betwixt theſe two limits: 

For then the difference of theſe two capacities will help us readily to meaſure 


this dilatation. | 


CORkOk 3: 


Shou'd the moſt pure Alcohol, therefore, about the Poles of the Earth be 
compared with the ſame betwixt the Tropics, what a conſiderable difference 
would there be in its hydroſtatical weight in theſe two places? For it is plain, 
that all theſe Liquors are heavieſt about the Poles, and lighteſt near the Equa- 

Another tor. Is this therefore another phyſical cauſe of the compreſs'd ſpheroidal figure 
_— of the Earth; ſince a ſmaller bulk in one place, is equal in weight to a larger 


Earth. in the other, and they both tend with an equal force towards their common 
ceeunter of gravity? | 


CoROL., 4. 

Hence the From theſe obſervations we learn, that the ſame veſſels fill'd with ſuch a 
2 ſort of Liquor, will not be ſo full by a good deal in the cold of winter, as they 
fly exac, are in ſummer; for the firmer parts of the ſolid veſſels are not ſo much dila- 
ted with the ſame degree of Heat as the contained Fluids are. And indeed, 

the Chemiſts have very often experienc'd the truth of this to their diſadvantage, 

when they have in froſty weather fill'd their glaſſes quite full of valuable Liquors 3 

for when they have afterwards been affected by the Heat of the Summer, 

they have penetrated through the ſtoppers, forced them out, and often burſt 

the glaſſes themſelves. Being now therefore made wiſer by theſe inconvenien- 

_ cles, they always. leave an th part empty, when they fill them in the Win- 

ter; or elſe, warm both the Liquors and Veſſels to as great a degree of Heat, 

as one may reaſonably expect in the midſt of Summer. 


T CoROL. 5. | PEE. 
The vag ta- If Alcohol is made fo hot as juſt to begin to boil, it is then obſerv'd to riſe 
reactor of to number 174 in the Cylinder; and therefore is then increaſed almoſt th of 
/ its dimenſions : Nay, in reality, it is at that time more dilated, as appears by 
what has been remark'd under the firſt Corollary of this Experiment. And 
| here, by the way, give me leave to take notice, how'much difference there is 

in buying Alcohol by meaſure in the depth of a hard Winter, and in the ſultry 
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Dog-days, which is certainly very conſiderable. If we conſider now that 
Alcohol in the moſt intenſe cold ſubſides 40 degrees below o, and when it be- 
gins to boil, riſes to 174 degrees above o; it appears, that there may be a diffe- 
rence in its dimenſions of 214 parts in 1933 3 and conſequently, that it may be. 


contracted or expanded to 5 of its whole bulk. 


| 5 gs CoOROL. 6. | 
Y Tf you urge Alcohol ſtill farther, ſo as to make it boil, there preſently ariſes Ebullition 
a vapour from the upper part of it, which: expands itſelf in the ſuperiour va- 29.2 fop 
cuum, and grows denſer and. denſer every moment, whence the dilatation of it meafure of 
cannot be conveniently meaſur'd any farther. And as ſoon as the Thermo. Pano. 
meter is open*d at top, the rarefy'd vapour immediately flies off, nor can it be 
determin'd how much more it may be afterwards expanded... 


| CoROL. 7: 1 N 
Alcohol, therefore, can ſcarcely ever be perfectly at reſt: For if it is con - Alcohol im- 
fin'd in a veſſel, and has either a Torricellian vgcuum, or Air above it, it is Pin &' 
evident, that it will be continually dilated, and reſolv'd into vapours; or con- | 
trated, and ſo condenſed into Alcohol again; unleſs, by chance, the de- 
gree of Heat, or Cold, ſhould conſtantly remain the ſame : Or on the other 
hand, if it is expoſed to the open Air, it: cannot be at quiet; but, as we 
took notice in the Air, will ſuffer a perpetual ſyſtole and diaſtole, fo long as 
there is a ſucceſſion of greater and leſs degrees of Heat in the Atmoſphere : 
which is obſerv'd to happen continually, almoſt without intermiſſion. But 
then, however, this agitation will be moſt remarkable, when either Heat or 
Cold grows exceſſive; . which ſtate ſeldom continues any conſiderable time. 
Laſtly, hence the Phyſicians underſtand what certain and frequent ofcillations- 
muſt happen in the human Body from the Particles of Alcohol, when they 
are mixt with our juices; as they will be at one time compreſſed and heated by 
the action of the. Arteries, at another, freed from this preſſure, and of conſe- 
quence, cool'd, in the Veins... . 


| : EE EXPERIMENT VI. | 
- The moſt limpid, light, ætherial Oil of Turpentine, is every way expand- 
| : ed in its whole bulk, by a ſmall increaſe of Fire. | 
This you'll ſee evidently in this ſpherical Glaſs, with this long narrow cylin-- 
drical Neck. You obſerve, that the Bulb of this is fill'd with Oil juſt to the 
beginning of the Cylinder. I dip this into Water, that is exactly as cold as 
— | the Oil, and you fee it continues preciſely in the . ſame place. I'll now put 
| this veſſel of Water with the glaſs of Oil in it upon the Fire in this Chafing- 
diſh : And now how evidently-do you perceive, - that as the Water, and con- 
ſequently the Oil in the Glaſs grows gradually hotter and hotter, - the Oil riſes - 
in the Neck, and ſcarcely remains one moment in the ſame Altitude? I have 
now kept the Water, as you ſee, -upon the Fire till it boils; and now the Oil, 
you obſerve, is at reſt in the Glaſs, neither aſcends nor deſcends, nor would . 
do ſo, tho* it ſhould continue a good while in the boiling Water: Nay, I'II ST, 
put more Fire about the veſſel, and make the Water boi] more violently ; and 3 0 
yet you obſerve the Oil keeps exactly at the ſame height: Nor will . 1 8 
5 rial 
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Breaſt at preſent, and which I hope I ſhall always have the pleaſure of, obliges me 
to acknowledge in this publick manner, that nothing has been of greater ſervice 


8 
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rial Thermometer riſe any higher, when once the Water comes to boil. For 
this beautiful diſcovery, the Philoſophers are obliged to that very ingenious 
Gentleman, Monſieur des Amontons; the truth of which you have now evidently 


ſeen in Water, and it is continually found by Experiment, to hold good in al- 
moſt every kind of Liquor. And here, the candour, which I feel within my 


to me in diſcovering the uſefulneſs of Fire in the deepeſt chemical inquiries, or 
better help'd me to come at the knowledge of the properties of this Element, 
than this valuable Experiment of this noble Author. But I refer you to the 
fountain, the Mem. de Acad. Roy. des $ci. where you may have the pleaſure 


of ſeeing what he himſelf has ſaid upon this ſubject. There you will find that 


And the 
compreſſion 
of Liquors. 


famous Gentleman has actually demonſtrated, that when Water once comes to 
boil, tho' you urge it with ever ſo ſtrong a Fire, you cannot make it afterwards 


grow any hotter. This valuable diſcovery, however, may be ſtill farther im- 
prov'd, by a very curious obſervation of the induſtrious Fabrenbeit; for he 


has found, that the Heat of the ſame boiling Water will. be conſtantly 
greater, when the weight of the incumbent Atmoſphere preſſes heavier up- 
on its ſurface, and leſs, when the preſſure of that is lighter. If we would 
therefore at any time nicely determine the degree of Heat in boiling Water, we 


muſt have a Barometer by us, to obſerve at the ſame time the weight of the 


Air; or elſe we ſhall not be able to aſcertain it exactly. In the mean time, 


however, *tis abſolutely certain, that ſo long as the preſſure of the Atmoſphere 


continues the ſame, boiling Water will not grow hotter by any increaſe of Fire 
whatever: And with this limitation, the rule of Monſicur des Amontons, will al- 
ways be found to hold true. When the difference now of the weights of the 
Atmoſphere is 3 inches, then che difference of the Heat of boiling Water un- 
der theſe two preſſures, is found to be about 8 or 9 degrees. Hence this Au- 
thor evidently infers, that the more cloſely the parts of Water are compreſſed 
together by the increaſe of the incumbent Weights, the more Fire will be 
required to make them recede from one another; in which conſiſts ebullition. 
And hence he makes this elegant deduction, that the Thermometer, by being 
immerſed in boiling Water, will, by the degree of Heat it expreſſes, diſcover 


at that time the weight of the Atmoſphere; and of conſequence would accu- 


rately enough determine it at Sea, where the Barometers are not ſteady, if eve- 
ry degree of increaſe was made viſible in the Thermometer, which may be ac- 
cmpliſh'd with a great deal of eaſe. And hence, - laſtly, he obſerves, that our 
Atmoſphere is ſo much the more heated by the Solar rays, as it is more com- 
preſs'd, that is, the nearer it approaches to the ſurface of the Earth; and the 


leſs, the lighter the preſſure is, viz. in the regions above us. And this is plainly 
confirm'd by obſervation ; for the tops of the higheſt mountains that are neareſt 


expoſed to the heat of the Sun, and never obſcured with clouds, are found to be 
fo extremely cold, that the Snow lies there perpetually without being melted. 
Have you a mind to be witneſſes to the truth of this yourſelves? Under a Re- 
ceiver in Boyle's Air Pump, place a glaſs veſſel full of Water, heated to 96 
degrees, and then gradually draw. out the Air, and you will evidently perceive 
an ebullition excited in the Water, as the preſſure of the Atmoſphere is leſſen- 
ed, waich will intirely diſappear again upon the letting in of the Air. Hence, 

2 f i there- 
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therefore, by a Barometer fix'd in the Receiver, you may be able to deter- 
mine what degree of Heat is neceſſary to make Water begin to boil under any 
given Weights of the Atmoſpherez and by this means we may come at an in- 
finite number of beautiful diſcoveries that we are at preſent unacquainted with. 
There is one thing more upon this head, that I think well worth mentioning, 
before I quit it, and that is this; Put ſome Water into Papin's Digeſter, and 
with the included Air ſtop it in ſuch a manner that nothing can poſſibly come 
out, and afterwards make it Oil. The Water then will be expanded , and 
the Air 3; and conſequently, the Water will be as much compreſſed, as if its 
preſſure was increaſed by 10 inches of a common Atmoſphere ; and by this 
means Water acquires 30 degrees of Heat extraordinary purely by being made 
to boil in this Machine, for I here take no notice of the force it gains by 
the motion and attrition of the particles of Water and Air againſt the veſſel, 
and among one another. What wonder therefore is it at all, that by this Ma- 
chine are produced ſuch prodigious effects? If you have a mind now to exa- 
mine by a ballance the proportion of the expanded Oil in this Experiment, 
to the ſame in its natural ſtate, you may compute 1t in the following manner: 
The Oil fill'd the Bulb of the Glaſs juſt to the beginning of the Neck, when 
the Water, Glaſs, Oil, and Air, had 52 degrees of Heat in Fabrenbeit's Ther- 
mometer. When the Water boil'd, and the Oil would aſcend no higher, the 
4 Thermometer was riſen to degree 212, and the Oil was as high in the Neck as 
9 the mark which you ſee I have fix'd on it. If I now weigh the Glaſs fill'd to 
A this mark with Oil that is 52 degrees hot, and then empty it as low as the bottom 
of the Neck, and weigh it again, I find pretty nearly the expanſion of the 
Oil; which upon examination, appears to be a very conſiderable part of its 
bulk. I muſt caution you, however, that I have no regard here to the in- 
creaſe of the capacity of the Glaſs in this degree of Heat: But I have taken 
notice of this before, and therefore ſhan'ꝰt mention it any more for the future. 
See Exper. V. Cor. 2. 1 | | als F 
And you need not wonder here, Gentlemen, that I determine the limits of 
the dilatation of Oil of Turpentine by boiling Water, which I did not do in 
the former Experiment. The reaſon is evident. Alcohol boils with a much 
leſs heat than Water; and as ſoon as ever it boils, its expanſion caffnot be 
meaſured any farther. Exper. V. Corol. 5. Whereas in Oil of Turpentine, 
which is much lighter than Water, an ebullition cannot be excited by the 
greateſt Heat of boiling Water, but its ſurface will always remain at reſt in 
J this degree, in which therefore we may meaſure its dilatation. 
E Before I quit this Experiment, give me leave to take notice of a pretty re- Some ſor- 
4 markable Phenomenon that preſents itſelf to our obſervation in this ebullition þj2ns 
of Liquors. Alcohol, which is lighter, boils ſooner than Water, in a Ratio in the ebul- 
which we ſhall afterwards aſſign ; and yet Water, which is heavier, boils: a 3 * 
conſiderable deal ſooner than Oil of Turpentine. Is the cauſe of this the affi- 
nity there is betwixt Fire and inflammable Oils? Or is the ſpecific Gravity of 
the boiling Liquid of conſequence here? Or laſtly, is it owing to a greater or leſs 
tenacity of the parts among one another? You will ſee by and by, what a vaſt 
deal of pains J have taken to reſolve theſe Queries: And I think it will be evi- 
dent, that they ought all to be conſider'd, as well as the different preſſures of the 
Atmoſphere, which are likewiſe concerned in it. See the incomparable Newton 
in his Opticks, | | | wb. ExXPERI- 
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EXHERRIMEN IT VII. 

Pure Rain-water, gradually heated by a gentle Fire, is every way expanded 
in its whole bulk, by a very ſmall augmentation of Heat. 
This you ſee evidently in this Glaſs, where its dilatation is 7 of its whole 

dimenſions: For from the degree of Heat 56, it always riſes to the degree 214, 


in which it begins to boil; and then it remains at reſt, and has acquired the di- 
latation mentioned. | 


BY ExpERIMENT VIII. 

Mercury, by the application of Heat, is eaſily rarefied. | 

The truth of this is plainly demonſtrated by this elegant Thermometer, which 
was made at my requeſt, by that very ingenious Artiſt Daniel Gabriel Fabren- 
beit. The inferiour Cylinder of this Thermometer contains 11124 parts of 
Mercury, which in the greateſt Cold obſerv'd in Iceland, reach'd to the mark 
o, from whence upwards we compute the increaſing degrees of Heat. If I 
immerge this in the Water in this veſſel, and gradually heat the Water, you 
ſee the Mercury continually aſcends till the Water boils ; and then you obſerve 


it remains perfectly quiet at one number, viz. 212, and ſomething more. Set- 


ting aſide, therefore, the dilatation of the Glaſs, the Mercury at preſent takes up 
11336 little ſpaces, of which in the greateſt Cold it took up but 11124; and 


conſequently, in this degree of Heat, is expanded IT 25 of its whole bulk. 
"I 


COROL. 1. 5 

In the ſame manner the ſtrongeſt Lixiviums of Sea-Salt, Nitre, and fix'd al- 
caline Salts, are dilated by Heat; and in ſhort, all Liquids that have hitherto 
been examined: So that Air, Alcohol, Oils, Water, ſaline Spirits, Lixiviums 
of Salts, Oil of Vitriol, and Mercury, are all affected by the very ſame law. 


Cokok. 2. 


The cauſe that dilates all theſe Bodies paſſes through glaſs, and all other veſ- 
fels, into the Liquors themſelves. 


Conor. 7 
And this fame cauſe proceeds from what we univerſally call Heat, or Fire. 


SCHOLIUM. 


For the future, therefore, by Fire I ſhall always mean that Being, how- 
ever otherwiſe unknown, which is endued with this property, that it penetrates 
all Bodies, both ſolid and fluid, and by this very action, extends them into 
larger ſpaces: For as on the one hand I am not acquainted with any Body in 
the whole compaſs of Nature that has theſe qualities, except what by every 
one is called Fire ; ſo on the other, there never is Fire really preſent in any 
Body, but theſe two effects are immediately produced; and in proportion as 
this is increaſed, the extenſion of Bodies is likewiſe augmented. Now ſuch a 
character as this is ſufficient in Phyſics for determining and diſtinguiſhing 
particular natural Bodies: Nor indeed ate there any other that will anſwer the 

— £ . ſame 
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ſame purpoſe, whatever your idle Philoſophers may boaſt of their ſubtle ſpecu- 
lations. It is our buſineſs therefore to obſerve with the greateſt care, thoſe 
properties that we are able to diſcover in Fire under this notion; and of theſe 
the firſt ſeems to be this, that it exiſts in every point of time, and every part 
of ſpace 3 the truth of which I ſhall demonſtrate by the following Experiments. 


ExXPERIMENT IX. 


Take a thick cold plate of Iron, and in the ſharpeſt weather, and coldeſt 
place, lay-this upon another of the ſame kind, and equally cold, and let this, 
by the help of a weight, be preſs'd hard upon the under one; then, let it be 
briſkly rubb'd upon it backwards and forwards, and it will begin to grow 
warm, then hot, and in a ſhort time will acquire ſuch a degree of Heat, as to 


emit ſparks of Fire, and at laſt the whole Maſs will be as red hot, as if it came 
out of a large common Fire. 


COOL 1, 


This production of Fire may be effected at any time whatſoever : Nor does 
it at all ſignify, whether the ſeaſon is hot, or cold: Nay, in reality, the more 


compact the Bodies are render'd by Cold, you will, ceteris paribus, have the 
{ſtrongeſt Heat. 


85 Co RO l. 2. 
Nor is thepe any place hitherto known, where the ſame Experiment will not 


hold true. On the tops of the higheſt mountains, in the deepeſt ſubterraneous 


caverns, in che warmeſt parts of the world, and moſt frozen climates, the ef- 
fect will conſtantly prove the ſame. I confeſs, indeed, that the Heat will be 
ſooner and more ſtrongly excited in dry places, than it will in moiſt ones; but 
ſtill, it may be always produc'd in this manner. And the ſame thing is ob- 
ſerv'd to happen in every kind of ſolid Bodies whatever. 


CoRoOL. 3. 


The firſt 


manner of 


produci 
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Nay even in vacuo Bodies grow hot by mutual attrition; as evidently appears 


by the accurate obſervations of the ingenious Haukeſby, which have ſince been 
happily improv'd by my good Friend and Collegue the famous Fames-MWil- 
liams Graveſand, a Gentleman ſo form'd by Nature, and finiſh'd by Art for theſe 


abſtruſe inquiries, that by his diſcoveries, the boundaries of natural knowledge 
are daily inlarged. i 


N COROL 4. 

But there is nothing more remarkable in the Fire produc'd in the manner 
abovemention'd, than that it penetrates into all Bodies, the denſeſt not excepted, 
heats, expands, bupps, and melts them; and that it ſhines, grows exceſſive 
bright, and in ſhort, has perfectly the very ſame effects that we conſtantly ob- 
ſerve in true Fire. And we ſee here it is thus generated without any Pabulum, 
or any Fire that exiſted before by which it might be raiſed, which is com- 
monly the caſe, Fire generally being lighted by Fire, and one Flame excited b 


another. Hence then, I think, we may fairly conclude, that this Being ought 
to be look*d upon as true Fire, 


P 2 
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| Co RO. 5. 
In the mean time we learn by general obſervation, that the harder and more 


cauſe of this rigid the Bodies are that are agitated one againſt another, the more intenſe 


will the Fire be that is produced by their mutual attrition. Hence the very 
ſame Body, when it is rigider, or ſofter, acquires in this reſpect a very diffe- 


rent degree of Heat. Iron, if it is taken out of the Fire when it is juſt ready 


to melt, and in the heat of ſummer ſuffer'd to cool very leiſurely in the Air, 
will remain very ſoft and flexible; whereas, if you inſtantly throw it into 


cold Water, the Particles, that were before put in motion, and render*d flex1- 
ble by the Fire, being now compacted together, and driven into cloſer union 
by this ſudden contraction, the Iron becomes -exceeding hard, rigid, and ver 


elaſtic: But every body knows how much fitter Iron is for ſtriking a light when it 
is harden'd by Cold, than when it is ſofter. If the vaſt hard Axis of a Wind- 
mill lies upona rigid block, and the fails are whirled rapidly about by a ſtrong 
Wind, Fire and Flame break out immediately; but if you take care to put 


| Lead between them, there is not much danger of ſo great a degree of Heat. 


If you ſtrike a Flint againſt a very hard piece of Steel, how certain are you 


of procuring Sparks from it? which would not be the caſe, ſhould you ſtrike it 


againſt a bit of ſoft Iron. And hence it comes to pals, that if you interpoſe 


any foft Body betwixttwo hard ones, you can ſcarcely excite Fire by the ſtrongeſt 


A ſecoad 


cauſes 


attrition, till this is conſumed, and the Bodies come to rub one againſt ano- 
ther, and then you have Fire preſently. If you take, for inſtance, two Plates 
of Iron, and oil them very well, you cannot by rubbing them together, make 
them conceive any very great degree of Heat; but when the ſurfaces of the 
Iron come to touch one another, they will ſoon grow exceſſively hot by the 


_ fame agitation, 


If Bodies, therefore, are alike in every thing elſe, the denſer the matter is of 
which they conſiſt, the fitter will they be for this production of Fire; which 


rule holds univerſally true: I ſay, if they are alike in all other reſpects ; for 
Lead which 1s denſer, but at the ſame time ſofter, will not by attriticn yield ſo 


much Fire as Iron, which is lighter, but vaſtly harder : But if they are both 
equally rigid, then the heavieſt is always moſt efficacious. Hence it appears, 
how that exceeding hard, and ponderous Wood, the Sideroxylon of the Indians, 
not only furniſhes them with weapons, but by being rubb'd ſwiftly together, 
ſerves to kindle their fires whenever they want them. x 

The harder, then, and more denſe the Bodies are, that are agitated one 
againſt another, the ſooner will Fire be produc'd from them. Hence the colli- 
ſion of Steel and Flint excites Fire in the leaſt inſtant of time; which is much 
longer generating from Bodies that are lighter, and not ſo hard. 


CoOROL. 6. 
T he principal phyſical power, however, that produces Fire by this attrition, 
conſiſts in the Bodies being preſs'd very hard together, whilſt they are rubb'd 
one againſt another. If you lay, for inſtance, one Iron Plate upon another, 
ſo that it may preſs the under one only by its own weight, and then with a cer- 
tain reciprocal motion, agitate the upper one over the inferiour, you will be 
able to excite but a ſmall degree of Heat, Lay a ten pound weight now upon 
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the upper plate, and then move it with the ſame velocity as before, and a 
greater Heat will immediately be generated. And thus if you proceed you'll 

| be ſurprized to find how the increments of Heat conſtantly correſpond to the 

l augmentations of the weights, if the agitations are performed with the ſame 

| velocity. So that at laſt, if the preſſure is increaſed to a very great degree, 

the ſtrongeſt Fire may be. produced in an inſtant, And the ſame alſo holds 

I true in the Elements of Fluids themſelves compreſſed together, as has already 

| ſufficiently appeared. | | | 

| 7 Senor. 7. | 
And, laſtly, we obſerve, that the ſwifter the motion is of theſe hard Bodies A thirs 

I one againſt another, the Fire excited by this attrition will ceteris paribus be fo _ 

much the ſtronger, and the ſooner produced; fo that a flow motion ſcarcely 
generates any Heat, though a briſk one will raiſe a great quantity of Fire im- 
mediately. Hold a rope, for inſtance, very tight, and draw it gently through 
your hands, and you'll perceive no Warmth at all; but let it run through 
your hands with a rapid motion, and it will ſoon conceive Heat, and burn L 
them : Preſs a ſteel blade hard againſt a threſhold, or a grindſtone, and it will 
ſcarcely grow warm if you move it but ſlowly; and yet if the reciprocal agi- 
tations are ſwift, you may ſoon produce a great degree of Heat : So that by 
holding a knife very hard againſt a grindſtone whilſt it is very rapidly turned 
round you may make it almoſt red hot, whilſt the ſtone itſelf is hardly warm, 
becauſe no part of the ſtone remains long in contact with the blade, but in- 
ſtantly moves from under it. Hence, therefore, the production of Fire may be in- 
creaſed in proportion to the augmentation of this celerity, and that without limits. 
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COR O1. 8. 

It follows, therefore, evidently from what has been ſaid, that when the three This threes 
cauſes juſt mentioned unite their power, there then may be the ſtrongeſt Fire Mu.” 
excited in an inſtant from the coldeſt Bodies. If two large, thick, circular 
plates of very hard. Iron ſhould be compreſſed rogether by a force of ten thou- 
ſand pounds weight, and then be very rapidly agitated one againſt another, 
there would be the moſt violent Fire produced immediately in both the plates. 

Fhis is evident in Windmills, where if the Axis, and block it lies upon are 

dry, and the wind is very ſtrong, the attrition quickly generates both Fire, 

and Flame; though there, the motion is but ſlow, on account of the ſmaller 
Diameter of the Axis. Filings of Iron as they fly off burn the Workman's 

hands, and the raſpings of Wood doe the ſame. In the deep parts, therefore, 

of the Earth towards the Center, where Bodies are vaſtly compreſſed by the 
incumbent weight, and conſequently rendered exceeding denſe, does the at- 

trition excited there produce a very great degree of the ſtrongeſt Fire? and 
conſequently does the Heat there gradually increaſe more and more? See Boyle 
of Coſm. Qual. This is certain from what has been demonſtrated, that it is The power 
impoſſible to determine the ultimate, or intenſeſt degree of Heat, that may be 2 bh 
generated by attrition: For though it were poſſible to diſcover what kind of triton not 
Bodies were actually harder and more denſe than all others; yet we could ine, 
never poſlibly aſſign the greateſt weight by which they might be preſſed to- 

gether, or the ſwifteſt degree of motion with which they might be agitated. 

There never, therefore, can exiſt ſo great a degree of Heat, but that a greater 
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EEK PERIMEN T X. 


Fluids inter- If in the former Experiment any Fluid had been interpoſed between the 
poſed be-  . Surfaces of the two Bodies thus denſed, and preſſed together, and had 
retard ths been continually ſupplied whilſt they were in motion, they would ſcarcely 
procucton have conceived any Heat; or at leaſt nothing in compariſon of what would 
have been produced by the ſame cauſes had that been away; the truth of 
which is confirmed by univerſal Obſervation. If I rub, for inſtance, the 
dry blade of this knife hard upon this dry whetſtone, 1t preſently grows hot, 
makes a noiſe, and often, as you ſee, emits ſparks ; whereas if I put a drop or 
two of Water, Oil, or Spirit between, the ſame cauſe, as you obſerve, re- 
ated, does not produce the fame effect. Every body knows that the Axle- 
trees of Wheels hardly ever grow hot if they are well guarded with greaſe ; but 
if they and the Boxes are dry, they preſently ſkreak, ſmoke, grow hot, and very 
often take fire: And for want of being ſecured in this manner whole Windmils 
have been frequently burnt down. But this never appears more evident than 
in the poliſhing of Glaſs: Neither the Lens, or the plate it 1s poliſhed on, be- 
comes hot till the interpoſed oily or watery liquor is conſumed, and they 

both grow dry, but then, a very great Heat is excited immediately. 


COROL. Is 


goſt rare The ſofter, therefore, the more yielding, leſs elaſtic, and rarer any Bodies 
fluid Bodies 


auge losen., are, the leſs fit they are for producing Fire by attrition. And hence, as 


cite Fire by Fluids for the moſt part are poſſeſſed of theſe qualities, they are obſerved of all 

triton. Bodies the leaſt capable of exciting Heat in this manner; for they eaſily 
yield to any impreſſion, and by this means ſlip out of the way, and elude the 
force of it. And this is found to hold true in the whole compaſs of nature. 


oer 2. 


And again, the leſs the force is by which any Bodies are preſſed together, 
that lie leoſe the Jeſs Heat will be generated by their rubbing one againſt another. This 


older doo is confirmed by every kind of Experiment without exception. 


8 N Cone. 3. 

And Bodies And laſtly, if Bodies are moved ſoftly one upon another, tho* they have 

that are at all the other properties requiſite to the production of Fire by friction, yet 

8 they will not generate any conſiderable Warmth ; and if they are quite at reſt, 
they will be reduced to the common temper of the ambient Air. This we ſee 
in vaſt heaps of Iron, where, though the Body is ſo hard, and that which lies 
at bottom is preſſed down with ſuch a prodigious incumbent weight, yet it 
concelves no more Heat than the very ſoft, rare, light Air, that ſurrounds ir, 


COROL.' 4. 


Theabſence From what has been obſerved, then, it ſeems to follow, that Fire leaſt of 
of retry all diſcovers itſelf by its effects in thoſe parts of ſpace where, firſt, there is 
diſcovered, either no body at all, or exceeding rare ones, whoſe parts are ſo looſely con- 
nected together that they ſcarcely cohere with one another; Secondly, where there 
Is no cauſe to compreſs theſe Bodies together in theſe ſpaces; and thirdly, where 


there 


8 
C 
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there is no power to put them in motion ſo long as they continue there. With 


us, the Torricellian Vacuum is ſuch a ſpace as this: For if you take a glaſs Tube 
40 inches long and cloſed at one end, and fill this quite full of the pureſt, 


drieſt Mercury made very hot, and then in an erect poſition properly im- 


merge the open orifice in ſome more of the ſame Mercury, fo that there ſhall 


111 


be nothing but pure Mercury in the glaſs; there the Mercury will deſcend, and 
leave an empty ſpace in the upper part of the Tube, in which, there does 


not appear the leaſt ſign of any heavy reſiſting Body; nay, if you compreſs 


the Mercury in the under veſſel, that in the Tube will aſcend and fill it per- 


ſectly full. Here, therefore, ſeems to be a ſpace, where there. is not the leaſt Pure gte 
attrition of any Bodies; and conſequently, here will be the very ſmalleſt de- * 


gree of Fire, ſo far as it depends upon this attrition. And yet, if you agitate 
this baroſcopical Tube in the dark, a light will be hereby excited, which 
you will perceive in this vacuum, as that excellent Mathematician the great 
Bernoulli has ſo elegantly deſcribed, and explained. Hence every one will be 


ready io infer that, even there, there muſt be Bodies alſo. And indeed, that 


Being which thus penetrates the Glaſs, the Mercury, and the Air, muſt 
be uniformly diſtributed through that ſpace; but it does not, however, 


any ways appear, that this, be it what it will, exhibits the leaſt mark of an 


degree of Heat generated in this manner. Hence, perhaps, the light, that is 


thus excited by this concuſſion, is of the ſame nature with that which we 
treated of in our Hiſtory of Light as a property of Fire. And, hence, we 
are led to imagine, that Light, and may be Fire itſelf, conſidered without the 
concurring action of any ſolid Bodies, paſſes freely through all parts of ſpace, 
without diſcovering any effects of Fire that we are hitherto acquainted with. 
This, at leaſt, is evident beyond all diſpute, that as we aſcend from the 
common ſurface of the Earth, and get to the tops of high mountains, where 
there are no Meteors to obſtruct and difturb the equal action of the Sun, and 
where, therefore, its rays ſtrike the Bodies oppoſed to them in the moſt dire& 
manner, and with their utmoſt force, I ſay, there, we are not affected with 
Heat, but on the contrary always find a greater degree of Cold. And at 
length, when we are got ſo far from the Earth, and ſo near the Sun, that 


Scarcely diſ- 
cernables 


there are ſcarce any viſible exhalations, or vapours obſerved to riſe ſo high, 


then, Water, when any does reach thither, is congealed into Snow, and lies at 
the tops of theſe mountains all the Summer. So that it hence ſeems probable, 
that in thoſe parts of ſpace where there is no hard reſiſting corporeal ſubſtance 
to withſtand the action of Fire, nor any thing which is capable of exciting at- 
trition, there, Fire, though it is actually preſent, appears moſt quiet, and acts 
with the leaſt efficacy: And fince the altitude of the higheſt mountain is ſcarce 
equal to th of the Semi-diameter of the Earth, and yet there is ſo great 
an increaſe of Cold there, in this little receſs from the Center of the Earth, 


this ſmall approach to the Meridian Sun, and under this great preſſure of 


the Atmoſphere, what muſt we think would be the caſe, could theſe obſerva- 
tions have been made a thouſand times higher? Why, certainly, as far as we 


are able to gueſs by that poor little that we know of Nature, all motion 


leems gradually to decreaſe as you aſcend higher and higher from the Earth, 
till at laſt, the uppermoſt regions appear to enjoy the moſt calm, and undi- 
ſturbed reſt, And this ſeems confirmed by this Obſervation, that the ſame 


ſort 
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ſort of trees, ſprung from the ſame ſeeds, on the ſame mountain, and in the 
ſame ſituation with reſpect to the Sun, are always the largeſt at the foot of the 
Of te pure mountain, and grow by degrees weaker and drier, the more you aſcend. And 
Fire of te this opinion will give us ſome light into the abſtruſe writings of the ancient 
Alchemiſts, where they tell, that in pure Fire there is the moſt perfect ſilence, 
and abſolute reſt, and that God reſides in it; that from hence, however, are 
ſent forth miniſtring Fires to quicken and move Bodies that would otherwiſe 
die through inactivity, and to diſpoſe them to execute the pleaſure, and ap- 
Au H. Pointment of the omnipotent Creator of all things. And, indeed, in this, they 
brews, did but follow the opinions of the moſt ancient Hebrews, and the Sacred Wri- 
ters. Exod. iii. 2, 3, 4. Xix. 16, 18. xxiv. 17. Lev. x. 2. P/alm Civ, 2, 4. 
Ep. to Heb. i. 7. xl. 29. | | 


CoROL. 5. | 5 

An exceedl- Laſtly, it appears evident from modern Experiments, that a ſurprizing Heat 
mk, and Fire may be inſtantly produced in the coldeſt, hardeſt, and heavieſt Bo- 
Heat excited dies, purely by their attrition with the lighteſt, ſofteſt, cold Fluids, if the 

by the at- motion is exceeding violent. 5 
Metal If a large ball of ſolid Iron is fired from one of the biggeſt ſort of cannons 
_—_ in the Winter, it will run through the cold Air 600 feet in a ſecond, and con- 
Flvd, ſequently will meet with a vaſtly greater reſiſtance from the Air, than from 
the moſt rapid wind; for when that moves only 22 4 feet in the ſame time it 
condenſes the Air ſo violently, that it bears down every thing before it, tears up 
the trees, and breaks them to pieces, nor are houſes, or towers able to with- 


ſtand its fury, Maraiotie pag. 140, Hence it appears, what a very great at- 


trition it muſt ſuffer purely from this cauſe ; and yet this muſt be ſtill increaſed. 


conſidering that no part of its ſurface moves in a ſtrait direction; for as the 


ball in its paſſage turns round upon its Axis, every point is continually de- 


ſcribing a Cycloid. Now this ball, when it has run through its way with this 
rapidity, and comes to fall, is found to be perfectly hot; although through 
its whole paſſage it has conſtantly been expoſed to freſh cold Air, and conſe- 
quently has loſt every moment ſomething of the Heat it had conceived. Some 
perſons may be apt here to object; that the Heat of the ball may be owing 
to the flame of the Gunpowder with which it is fired; but that can't poſſibly 
be, as it remains in it ſo infinitely ſhort a time; certainly, ſcarce +4345 of 
an hour. Now who can believe that in ſo ſmall a point of time this flame 
can communicate ſo great a degree of Heat to ſo ſolid a Body? But this may 
eaſily be accounted for, from that vaſt attrition that muſt ariſe betwixt the Air 

and the ball whilſt it moves with this prodigious celerity, and acts, and is re- 
acted upon by the Air with 27 fr times more force than that of the ſtrongeſt 
wind that was ever yet obſerved, 9 5 


The Doc- Since, therefore, it appears by every kind of Experiment, that Fire by 


trine drawn 


from theſe The friction of any Bodies together may be quickly produced where it did not 


premiſes. appear before, and that, at all times, in every degree of Cold, and in every 


place where trial has been hitherto made, ſuppoſing the three phy ſical con- 


ditions which we mentioned before; I ſay, theſe things conſidered, I think we 
may thence fairly make a great many deductions, which will be of ſervice to us 
in diſcovering the nature of this Element: Some of which by your leave I 
will here mention. . : n 


] 
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In the firſt place, then, by what we already know of Fire, it appears, that Fire alway: 

it muſt be always preſent in every part of ſpace, though we are not at all Pee, 
times able to diſcover it, if we ſearch for it only in the common methods: 
For the moſt accurate Thermometer evidently ſhews us, that there is always, 

and every where actually exiſting, a Heat greater than the intenſeſt degree 

of Cold that we formerly deſcribed, though people are very apt wrongly 

to imagine, that there then remains no Fire at all in that place where the 
Thermometer is fallen as low as o. | | | 

Nor does Fire thus exiſt only in every part of ſpace, but it is likewiſe Andinevery 
equally diffuſed through every Body, the moſt ſolid, as: well as the rareſt : gt 
For if in the hotteſt day of Summer, or the coldeſt of Winter, you apply the 

moſt ſenſible Thermometer to a glaſs in which there 1s a Torricellian Vacuum, 

where one might poſſibly ſuſpect there was nothing but mere Fire, and at the 
ſame time apply the ſame inſtrument to Gold, which is the ſolideſt Body that 

we are acquainted with; you will find the degree of Heat and Cold perfectly 

alike in both, if they have both remained long enough in an Air that has in 

the mean time neither grown hotter or colder, Theſe things ſeem ſtrange, it's 

true, nor have I met with any Body that at the firſt propoſing them, could 

readily come into them; but yet this juſt, and indeed, infallible method of making 

the Experiment, moſt evidently confirms the truth of them. In cold froſty wea- 

ther I examined in this manner the Torricellian Vacuum, that of Boyle, Air, 

pure Alcohol, expreſs'd Oils, diſtill'd Oils, Water, Lixiviums of various Salts, Spi- 

rits drawn from Salts by Diſtillation, Mercury, Feathers, Filings of Metals, Sand, 

and Lime, after they had been expoſed to the cold Air, and found the de- 

grees of Heat and Cold perfectly alike in all, without the leaſt difference. 

This ſeems a ſurprizing paradox; but it is, nevertheleſs, abſolutely true. 

I have not, therefore, hitherto been able to diſcover, that in all nature The quan- 
there is any part of ſpace, in which there is not Fire. Nor yet, has it ever #7 of Fire 
appeared to me after the moſt laborious Inquiries, that there is any kind of ſpaces it is 
Body, that has a power implanted in it by the Divine Being, by which it is (my, 

able to attract this Fire thus equally diffuſed, and ſo unite it to itſelf, as to 
3 make the exceſs diſcernible to our ſenſes. On the contrary, all the Obſerva- 
tions that I have had an opportunity of making ſeem to evince, that where there 
1 is neither any degree of attrition, nor motion from the mixture of various 
J Bodies together, there, Fire is moſt equally diſtributed through every part of 
ſpace: Nor does it in the leaſt ſignify whether theſe ſpaces are empty, or full, 
or with what kind of Bodies they are filled. I am ſenſible that every body 
F will be here apt to cry out, that theſe are all Chimeras of my own brain, 
and that I aſſert things that are abſolutely falſe, and contrary to common 
ſenſe, which plainly teaches us that Iron in the Winter is colder than Feathers, 
3 and Mercury than Alcohol. But, Gentlemen, I have already given you a 
caution, that I am not here treating of Fire as it manifeſts itſelf to our ſenſes 
: by Heat, or Cold, but purely with regard to its property of rarefying Bodies, 
which after a good deal of diligent inquiry we have found to be its peculiar 
character. How it comes to paſs that Alcohol in Winter appears warmer 
than Mercury, or raſped Ice, we ſhall endeavour to explain, when we have 
treated of the ſolidity, or rarity of Bodies with regard to Heat or Cold; nor 
can we do it now without breaking in upon the order of our ſubject. 
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Seldom ei- The ſecond thing I lay down in our doctrine of Fire is this, that this Fire, 
ferien which _is thus equally, and for the moſt part quietly diffuſſed through every 
this manner. part of ſpace, is ſcarely ever taken notice of: For thoſe things which con- 
ſtantly remain perfectly the ſame, nor diſcover themſelves by any alteration, 

are commonly no more regarded than if they did not exiſt at all. If, for in- 

ſtance, there ſhould at any time be ſuch a degree of Fire, as ſhould not pro- 

duce the leaſt change in either Fluids, or Solids, then no body would think 

at all of Fire, Heat, or Cold : But as ſoon as ever there was a ſmall increaſe 

of Heat, ſo that Wax ſhould become a little ſofter than it was before, then 

every one would immediately ſuſpect that there was a new production of Heat, 

and Fire ſuppoſing them to know before that Wax would be reduced from 

its folid form to a fluid one by the application of Fire. And from this pre- 

Judice it happens that people generally think, that Fire is really generated by 


Art, or chance, whenever its effects are ſo remarkable as to render it more 


apparent than it was before. | 
And yet in In the third place, from what has been ſaid it ſeems evidently to follow, that 


. dan fal. this Fire that is thus diffuſed through all ſpace and every Body, is continually 
f | ways in mo- both moved itſelf, and puts other things in motion; een you ſuppoſe it 
J ever ſo ſmall. For what perſon living can aſſign the ultimate point of abſo- 
; lute Cold, or which perhaps is the fame thing, the perfect reſt of Fire? But the 


7 very leaſt degree of Fire, Heat, or this rarefying power, immediately begins to 
; | expand every kind of Body, to remove their parts from their ſpontaneous co- 

| heſion, and, ſo long as it remains in them, to keep their Elements from their 
proper and natural union; which evidently demonſtrates that a real motion is 
there excited. And hence it ſeems exceeding probable, that this Fire is con- 
tained in vacuo, and in the vacuities that are diſperſed through the moſt ſolid 


action; and that hence it is of neceſſity continually producing certain Opera- 

tions, the effect of all which principally tends to remove the Elements of 

Bodies from one another, that ſo the Fire may expand itſelf more equally. 
And re- In the mean time, however, it is not leſs certain, that the Elements of cor- 
rel.  poreal matter conſtantly endeavour to unite themſelves together more and 
more, to leſſen the vacuities between their impenetrable particles, and conſe- 

quently by the exceſs of their power to expel the Fire that is there continually 
endeavouring to dilate itſelf. Here, therefore, will be a conſtant action and 
reaction, between the Fire contained in theſe Pores, and the conſtituent Ele- 
ments of the Bodies; the former tending always to ſeparate theſe Elements from 

one another; the latter from a natural propenſity perpetually attracting one 

another into the ſtrongeſt union. On this account, therefore, the whole Sy- 

ſtem of natural Bodies which the Almighty Creator has formed and diſpoſed in 

infinite ſpace, 'may be divided into Fire, which has a power of expanding 
qJ every thing elſe, and the remaining Bodies which have a vertue implanted in 
. them, whereby they conſtantly reſiſt this ſeparation of their Elements. And 
thus theſe to- principles, the one of expanſion, the other of attraction or 
aſſociation, exert themſelves through the whole compaſs of nature, and are 
the cauſe of a vaſt number of corporeal effects. The energy, however, of 
theſe principles we cannot at preſent rightly underſtand from the ideas we 


have hitherto been able to form of them: This is the ſole prerogative of that 
l infinite 
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infinite Being, whoſe ſupreme Wiſdom, at one view, perfectly takes in theſe 

and all other things, which his Almighty Power has created in ſuch a manner 
as is not poſſible for mortal minds to comprehend. 

The more intently, now, I examine this myſterious ſubject, the more plainly Never pene- 

I am convinced, that Fire is not able to inſinuate itſelf, into what we call the . 
ultimate impenetrable Elements of Body, but that it is repelled thence when- Bodies. 
ever it exerts itſelf upon them, and always the more ſo, the greater the force 
is by which it endeavours to penetrate them: that ſome degree of attrition 
E: therefore may, nay, and muſt arifg betwixt Fire and other Bodies: And that 
5 Fire itſelf does in reality never reſide in the proper ſubſtance of Bodies, but 
only in the vacuities that will be left betwixt their Elements, let the Bodies 
be ever ſo ſolid. And certainly, the evrirvzia of Democritus, or impenetra- 
bility as it is called by others, ſeems ſo proper to Fire, and every other Body, 
| that it appears by every kind of Experiment to be perfectly inſeparable from 
5 them. 

As a fourth poſition in this doctrine we obſerve, that whilſt this Fire thus 
reſiding within the Pores of Bodies, is not acted upon or moved by any other 

cauſe, ſo long it does not diſcover itſelf by any effect; for ſince it can go 

out of theſe paſſages again with the ſame eaſe with which it enters into them, 

it will not much vary its action upon the Body that contains it, as it ſeems to 

exiſt, and act every where in an equal quantity. That you may more clearly Wind don't 

underſtand what it is I would here inculcate, obſerve che degree of Heat that bag.“ 

this Thermometer, which is extremely ſenſible of Warmth and Cold, in icates 

at this time. I'll place this, now, againſt the mouth of this great Bellows, 

. and you perceive what a prodigious wind comes directly upon the Thermo- 
 , meter. Don't you all expect now, that the force of this wind will produce 
| a conſiderable degree of Cold; and that hence there will be a variation in this 
. infallible Inſtrument ? And yet you obſerve it remains perfectly at the ſame height. 
Here, then, we ſee evidently, that there was no degree, eirher of Heat, or 
Cold, generated by this means, which our ſenſes were capable of diſcerning: 
For Fire, by reaſon of its excecding rarity, is almoſt as eaſily conveyed 
through Air, when it is in motion, as when it is at reſt, Indeed, was this 
Air agitated with an extraordinary violence, ſuch a one as this Bellows is not 
| capable of, in that caſe, by the attrition ariſing hence, might be excited a 
greater degree of Heat, as has already appeared; but then, this would be 
| owing intirely to attrition. And hence perhaps it comes to paſs, that the 
© greateſt ſtorms, a few caſes excepted, do generally ceteris paribus rather raiſe 
4 than ſink the Thermometer. This, at leaſt, I have long ago obſerved, that But rathe 
we have generally a very warm Air at the ſame time we have the higheſt winds, er. 
and the ſharpeſt Froſts when every thing is perfectly calm. But you'll be apt Ana yet it 
to ſay, why then does the wind, and indeed the Air itſelf, appear ſo cold to eee 
our Bodies, eſpecially when they are heated, ſo that every one very juſtly Body. 
aſcribes to them a power of cooling? And do we not find by undeniable Ex- 
perience, that in a cold high wind, the Cold is vaſtly more injurious to us 
ceteris paribus than at other times, ſo that no perſon is able to bear it, but 

b would ſoon have his limbs deſtroyed by a Gangrene? In anſwer to this, I ac- 

I knowlegde the truth of theſe facts, but at the ſame time aſſert, that the cauſe of 

t them is very different from what people generally imagine. To account for 

ö | " Wk = | this, 
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this, then, we muſt obſerve, that no body is able to endure an Air that is heated 
to go degrees, but it ſoon becomes fatal to all ſorts of Animals that we are acquaint- 
ed with; whereas the vital Warmth of the Human Body, as Fabrenbeit has ob- 


ſerved, will raiſe the Thermometer to the degree 92, and that of children often 


to 94. Hence, therefore, we are always warmer than the ambient Air; and of 
conſequence the garments that encompaſs our Bodies have a greater degree of Heat 
in them than if they were every way expoſed to the open Air. Again, this na- 
tural Warmth heats the Air that is contiguous to our Bodies; and therefore, 
if it is not diſturbed by any wind, but remains quiet about us, this Atmo- 
ſphere of our Bodies will be warmer than the Atmoſphere of the common Air, 
and conſequently we ſhall feel it warm, as it really is. When this warm Air 


then, that every way ſurrounds us, is diſperſed by the wind, and a colder Air 


is applied to us in its room, there immediately is excited a real Cold both in 
our Lungs, and on the ſurface of our Bodies, that are expoſed to it : And 
beſides, the Heat that is communicated by us to our clothes 1s at the ſame 
time blown away, and freſh Cold is continually received by them, and thus ap- 


| plied to our Bodies: So that, in reality, we are nearly in the ſame circum- 


ftances as if a man ſhould perpetually ſhift his clothes, and put on freſh ones that 


were juſt come out of the Air. It appears, therefore, from theſe conſidera- 
tions, that though wind does not actually generate any degree of Cold, yet it 


is capable of cooling the Human Body by thus carrying off the warm Air 
with which it is encompaſſed, and bringing freſh colder Air in its room. But 
as this Obſervation may be of exceeding ſervice in Medicine, give me leave to 
illuſtrate it yer farther by an Example. Let us ſuppoſe then by exerciſe, diſ- 
eaſe, or ſome other cauſe, the heat of any perſon in his clothes, and in a ſe- 
rene Air to be 100 degrees; and that of the common Air at the ſame time 
to be moderate, viz. about 48. Now you eaſily conceive that the clothes 
that are about. his Body, will in a little time be pretty near as warm as his 


Body; and that the Air which remains quiet about his clothes, and his head, 
will be conſiderably warmer than the degree 48; for I have often ob- 
ſerved, that the Thermometer has been raiſed at the diſtance of 4 feet purely 


by the Warmth that has exhaled from a man that was hot, and fallen again 
when the perſon removed farther from it. Suppoſe, therefore, the perſon's 
clothes, and the ſurrounding Air, to be heated to the degree 60: His Body 
then will be perfectly encompaſſed with this temperature, his veſſels, and hu- 
mours relaxed ſuitably to this degree of Heat, and his exteriour Nerves will 
be juſt affected with a ſenſe of the ſame. Let him be expoſed, now, to a wind 
that moves 6 feet in the ſecond of an hour; and thenall this heat of the ambient 
Air, and his clothes, will be removed in that time, and a Warmth of only 48 
degrees will be applied to his Body on every fide, and conſequently his ex- 
ternal parts will be 12 degrees colder than they were before: And ſince we 
ſuppoſe this wind to continue conſtantly the fame, his Body muſt in a little 


time grow cold in its inmoſt parts; as the conſtant application of this ex- 
ternal Cold muſt every moment neceſſarily deſtroy as much of that Heat, which 


is generared by the vital actions. Thus, therefore, we have an evident ſolution 


of this Phenomenon, which otherwiſe, indeed, appears a paradox. 


For if now, inſtead of a human Body, you place a Thermometer in this 
Wand, the Heat of the Liquor in the Thermometer, and that of the ambient 


a Air, 
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Air, will be exactly the ſame; and hence, whether the Air that encompaſſes this 
Inſtrument remains perfectly at reſt, or is conſtantly changed, the Liquor will 
ſtill continue exactly at the ſame height; and conſequently, the greateſt Wind 
will not produce the leaſt degree of Cold in the Thermometer; unleſs there 
is at the ſame time ſome alteration in the temperature of the Air in the place 
the Wind blows from. Now, from what has been remark'd, you, Gentlemen, h i of 
who conſider the human Body in a medicinal view, will eaſily underſtand, how l 
nothing produces ſeverer diſeaſes, or is more quickly fatal to the healthieſt, nay 
and the ſtouteſt Bodies, than expoſing them to the Wind, when they have been 
heated with motion, and are ready to diſſolve with Sweat; eſpecially, if they 
are grown hot by a violent exerciſe in a cold Wind, and then remain quiet. 
Hence often ariſe Aſthma's, that are never got rid of, Angina's, Pleuriſies, Perip- 
neumonies, Gout, and Rheumatiſm. A plain proof of this, likewiſe, we ſee too 
plainly in thoſe perſons who unhappily labour under an exceeding weak and ten- 
der habit of Body: How prodigiouſly do theſe ſuffer from the ſlighteſt Wind, 
or leaſt breath of Air, if 1t comes only through a crack of a window, and 1s. 
but little colder than the temperature of the chamber in which they live; eſ- 
pecially, if that has been always kept pretty nearly the ſame by the help of a 
Thermometer, than which I know nothing more injurious to a good con- 
ſtitution. = | Nr eee | 
In the fourth place then, from what has been now ſaid, and which we ſhall hf eng 
not repeat for the future, we may reaſon ſomething of the nature and action of cited by at- 
Fire: For if two denſe, hard, and very elaſtic Bodies are rubb'd one againſt *%n 
another with a great force, and a briſk reciprocal motion, then all the parts. of 
theſe Bodies will every moment be cloſely compreſs'd; and as they are rigid, 
they will ſtrongly reſiſt this preſſure, whence will ariſe an exceeding ſwift, and 
very powerful contraction and expanſion, or a kind of quick vibration, ſuch 
as we obſerve in Chords when they are very tenſe. How great theſe vibrations 
are, we ſee evidently in an elaſtic metal Bell, if it receives but one ſtroke upon 
it. Does not the whole Body of this, vaſtly large, as it is ſometimes, expand 
and contract itſe]f through all its ſubſtances in an infinite number of Elligſes, and 
that, for a very conſiderable time? And when the attrition that we juſt now 
3 deſcribed is excited, with what force, violence, and celerity, are the elements 
of the Body compreſſed, agitated, and relaxed, to their very inmoſt Particles? 
3 What a ftrigor is produc'd from this attrition, ſo acute, that the Ear is not able 
3 to bearit; a certain demonſtration of the greatneſs of the vibration ? We con- 
1 ceive, therefore, that whilſt the Body ſuffers this agitation, compreſſion, and 
relaxation, there mult be an exceeding rapid motion in all its Particles, 
as all Chords perform their vibrations ſo much the quicker, the . more 
elaſtic, and ſhorter they are, and the harder they are ſtrained : But thoſe 
three circumſtances concur here all together. Now as this is beyond all diſpute 
confirmed by Experiments, ſo I think it is not leſs evident, that the Fire, which 
in the mean time reſides in the pores of theſe Bodies, and exerts there a power 
of expanding them in all their dimenſions, and 1s likewiſe repelled by the con- 
tractile, reſiſting force of the expanded Body; I ſay, that this Fire muſt now, 
by the action of this attrition, be neceſſarily every moment moſt violently 
compreſs'd and relax'd in theſe vacuities. Hence, as from that property of ex- 
panding every thing which we took notice of before, Fire ſeems of all Bodies 
; | to 
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ſome ene alone oſcillate in their Elements. 2. Why do the moſt elaſtic Bodies produce 


9972114 Are 


| fore, generate Heat by attrition ? Moſt certainly, if they are elaſtic ; but with 
difficulty, if they are not. Hence Water will not eaſily grow warm by attrition. 


6. Way does the interpoſition of a Fiuid, when Bodies are rubb'd together, 
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to be the moſt elaſtic, it appears that its proper force and motion muſt thus be 
prodigiouſly increaſed, For this reaſon, therefore, we conceive, that both in 
the Bodies thus agitated, and in the Fire contained within their Pores, there 
will be excited a motion exceeding great, and that will continue a conſiderable 
time. But farther, this cannot happen, but the ſurrounding Fire from both 
theſe cauſes muſt be agitated likewiſe, and that, ſo much the more violently, 
the nearer it is; for it has already appeared, that Fire is equally diffuſs'd 
through quieſcent Bodies, and Space, which is neither capable of motion or 
change, and perhaps acts equally too. The ambient Fire, therefore, muſt 
likewiſe follow the concuſſions of that intercepted in the Meatus's of the Bodies 
thus rubb'd together ; and of conſequence, muſt be driven backward and for- 
ward. And this vibration ſeems to continue as long as that which is produc'd 
in the Bodies by this attrition, or till the oſcillations of the Fire itſelf are re- 
duc'd to reſt, or a motion equal to that of the Fire in the Spaces or Bodies 
round about it. But ſince the ſame cauſes that agitate theſe Bodies muſt add a 
new motion to the Fire alſo, beſides what it had before in common with all 
other, hence its force muſt be likewiſe increaſed: And as the expanſion of Bo- 
dies is the proper effect of this force, it will of conſequence preſently diſcover 
icſelf by this effect. Thus far, therefore, we may comprehend the power of 
Fire, conſider'd purely as excited by attrition: And the ſolution of a great ma- 
ny Phenomena we meet with here, will be hence eaſily underſtood. 

I. Why do elaſtic Bodies chiefly generate Fire by attrition? Becauſe they 


moſt Fire, as we ſee in the hardeſt Steel briſkly ſtruck againſt a rigid Flint? 
Becauſe the vibrations here are the ſwifteſt and greateſt. 3. Why do the ſoft- 
eſt non-elaſtic Bodies generate the leaſt Fire ? Becauſe they have no ſpring in 
them, nor reſtore themſelves again, nor oſcillate backwards and forwards. 
4. Why then will Lead rubb'd forcibly againſt Lead produce a very great de- 
gree of Heat? Becauſe the ultimate Elements of Bodies are expanſile and con- 
tractile by Fire, and from their own nature, tho* the larger Bodies that are 
compoſed of theſe Elements, have a coheſion of parts that is leſs reſiſting, 
and will eaſier give way. Hence it appears, that the elaſticity of theſe Ele- 
ments, which is common to all Bodies, and may be changed by Heat and 
Cold, is different from that by which Bodies reſiſt an impulſe, and reftore them- 
ſelves to the ſame form they had before the ſtroke. 5. Do not Fluids, there- 


Nevertheleſs, if non-elaſtic Fluids are ford through very narrow canals with 
a valt impetus, they will conceive Heat by this attrition ; becauſe the ultimate 
Elements of theſe ſeem likewiſe to be ſomewhat elaſtic: But if the Pipes are 
elaſtic through which the Fluid is impell'd, then a ftill greater degree of Heat 
may be excited. Hence, our elaſtic Blood being violently propell'd through 
elaſtic Arteries, is hot whilſt it circulates in a healthy Body: But when the 
Blood by any means becomes of a more watery diſpoſition, and conſequently 
leſs elaſtic, the Heat that is produced by its circulation will not be fo great: 
Wiich is likewiſe the caſe, if the ſpring of the Arteries becomes weaker. 


hinder, or diminiſh, the production of Hear? Becauſe the force impreſſed is 
4 eluded 
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eluded by the ſlipperineſs of the Fluid. 7. Does therefore an elaſtic quality 
in Bodies increaſe the action of Fire upon them? Vaſtly; as appears from 
what has been juſt obſerved. 8. If the power of gravity determin'd Bodies 
leſs towards one another, what would be the conſequence with reſpect to Fire? 
Then, we ſhould ſcarcely perceive any of its effects: This we experience in the 
deepeſt pits, and on the tops of the higheſt mountains. 9. How does it hap- 
pen then in very deep places, where the Air is always at reſt? Why there, 
at the ſame depth, there will always be the ſame degree of Heat and Cold, tho? 
it will be different, at different depths, according to the various nature of the 
Earth that in thoſe particular places ſurrounds and warms .it : The truth of 
this is confirm'd by ſome elegant obſervation made in the Well of the Ob- 
ſervatory at Paris. 10. Why does the percuſſion of Steel againſt a Flint, 
yield the largeſt and moſt vivid Sparks in the coldeſt weather? But there 
would be no end, ſhould I mention every thing that is conſtantly occurring, 
* whilſt one's thoughts are engag'd on this ſubject. In ſhort, therefore, Gravity, 
_ Elaſticity, and Fire, ſeem to be the three principal of the univerſal or common 
cauſes of the actions of natural Bodies; and when to theſe, likewiſe, is added 
attrition, a great many Phenomena that are common to them all, may be ea- 
ſily underſtood. | 
From what has been premiſed, we infer, Fifthly, that if the denſeſt, and The Rate 
| moſt elaflic Bodies of all, lying in the deepeſt parts of the Earth, and vaſtly „ist md 
pPreſs'd together by the weight of the incumbent ones, ſhould be agitated one greatet and 
| againſt another with the utmoſt degree of celerity, there would by this means be aft. 
generated the moſt violent Fire. And hence it ſeems exceeding probable, that 
at the center of the Earth the Heat is moſt intenſe ; and that it decreaſes gra- 
dually as you remove farther from it, till it becomes leaſt of all at the bounda- 
Ties of the two Planets. Let us ſuppoſe the Earth and Moon to be Bodies of 
the ſame nature; then in the center of the Earth and Moon will be the greateſt 
degree of Heat, which will leſſen by degrees, till you come to that part of 
ſpace between thefe ſpherioda! Orbs, which terminates the action of both 
their powers. It appears, therefore, abſolutely impoſſible, that any Birds can 
fly from us to the Moon, or from thence to us, as ſome Philoſophers have 
aſſerted; or that they can exiſt in the profound Abyſs. And what we have dg 
ſaid of the Earth and Moon, will hold equally true in all the reſt of the Pla- ace 
nets. And hence it ſeems likely, that heavy Bodies are diſpoſed only about the high- 
the Planets, and perhaps about the Suns or fixt Stars, and thence by degrees the Atmo- 
grow ſo rare and light, that at laſt the reſiſtance they yield becomes inconlide- Pbere. 
1able, if any at all: That the quantity of Fire there, however, is equally 
great: That this Element, therefore, may poſſibly not be affected by rhe power 
of Gravity, but be abſolutely indetermined to any part of Space: That hence, 
of itſelf, it may have no other power than that of an equable expanſion every 
way, without any particular direction to one place more than another: And 
that on this account, it may ſcarcely produce any effects in thoſe ſuperiour 
regions, as there is no agitation of denſe, elaſtic Bodies one againſt another, to 
cauſe there any attrition, And as the motion Ne of the Comets are not 
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yet accurately determin*d, does not the path of theſe wonderful Bodies lie 
through theſe Spaces between the Planets, and Suns, where they meet with 


ſcarcely any reſiſtance ? 
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Some other Tt appears, farther, in the Sixth place, that thoſe Bodies which have ſuch 


e heal. large Pores interſperſed through them, that Air, Water, Spirits, and Oils, may 

ing the Heat eaſily enter into them, and be expell'd again, are the leaſt fit to generate Heat 

mn by attrition: Whereas thoſe on the other hand, whoſe ſubſtance is ſo cloſely 

| - condenſed, that their vacuities will admit ROY but pure ſimple Fire, muſt, 

if they are thus agitated, give a great degree of motion to the Fire contained 

within them. Tf we ſuppoſe, then, the Surfaces of two Bodies in contact to an- 

ſwer one another ſo nicely, that nothing but mere Fire ſhall be able to inſinu- 

ate itſelf between them, when they are thus fitted together and put in motion ; 

then, if they are rapidly mov'd one upon another, the Fire, which can alone in- 

terpoſe itſelf, will be agitated too: And from this cauſe again, the Heat will 

be augmented. And farther, if the agitation of theſe Bodies is ſo exceſſively 

rapid, that neither Air, nor any thing elſe can keep up with it, except the 

Fire that is diſperſed through the Air, and other places ; then, it ſeems ex- 

ceeding probable, that this Fire will ruſh into theſe Spaces that are thus alter- 

nately empty, and filPd again with this prodigious celerity; and thus more 

Fire will be collected in that Space which 1s neareſt the Surface of theſe Bodies, 

than was there before; which will therefore be another cauſe of the producti- 

on of Fire by attrition. And laſtly, if the Elements of any hard Bodies are 

connected together by the firmeſt coheſion, and at the ſame time the Fibres 

and Sirata form'd of them are exceeding ſhort, and very tremulous; then, their 

vibrations will cauſe in Fire a very ſwift and ſtrong agitation, and they will be 

able by a briſk attrition, to produce a vaſt degree of Heat in a very ſhort time. 

The motion, therefore, that Fire acquires by theſe means, muſt certainly be 
Prodigiouſly great. 

Why does It remains, now, carefully to inquire in the Seventh place, whether there is 

e 07g really obſerv'd in Bodies, any power by which they are able to attract Fire, 

Pro e ſo that the more ſolid ſubſtance they contain, the more Fire will of conſe- 

em age. quence be united with them? In quieſcent Bodies, that this is not the caſe, is 

paſt diſpute; for by Experiment, it conſtantly appears, that there is neither 

more nor leſs Heat or Fire in the vacuum of Torricellius, than there is in Gold, 


when they have both continued a good while in a place of the ſame temperature. 


But by the attrition we have ſpoken of ſo often, do Bodies acquire a kind of 
magnetic virtue, by which they are then capable of attracting Fire, and retain- 
ing it a conſiderable time when it is once united with them? I have taken a 
great deal of pains to anſwer this queſtion ; and this at leaſt, T have evidently 
obſerv'd, that the rarer a Body is, the ſooner it will be heated by the ſame de- 
gree of Fire; and that when once a Body is heated, the denſer it is, the lon- 
ger it will be before it is cold; and the rarer it is, the ſooner. Hence, then, it 
ſeems to follow, that there is, in reality, in the ſolid Maſs of Bodies, ſome- 
thing like an attractive power, with regard to Fire; eſpecially, as the ſame ob- 
ſervation holds equally true in elaſtic Bodies, and thoſe that are not ſo. In 
Tjchirnhauſen's Focus, the Fire is vaſtly. intenſe ; and yet, if with an Umbrella 
you cover that ſide of the Glaſs which is towards the Sun, the Heat will at 
once vaniſh from that place in the Air, where the moment before it was ſo 
excellive: Whereas, if a piece of Metal had been heated by the ſame Fire, it 
would have retain'd its Hear for a long time. If one veſlel full of Air, and 
another of Water, had been expoſed to the ſame Heat, the Air, may be, in this 

. Heat, 
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Heat, would be a thouſand times rarer than the Water heated to the ſame de- 
gree; but then the Water would retain the Heat ſo much longer, as it was 
longer 1n acquiring it, ſo that poſſibly the Air would grow cool a thouſand times 
ſooner. From theſe obſervations, however, I think we can fairly conclude no 
more than this, that the denſer the Bodies are that are expoſed to Fire, the 
greater difficulty it has to penetrate into them, and to diſengage itſelf from 
them again; for this is all that experience certainly demonſtrates : Nor does it 
appear with ſufficient evidence, that this Phenomenon is really the effect of any 
other cauſe. Indeed, if one might be indulg'd a conjecture on this head, one 
would be apt to ſurmiſe, that when Fire enters into denſer Bodies, it cauſes a 
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concuſſion in their very Element, and puts them into vibrations, which are 


larger if they are leſs denſe, and of longer continuance, if they are more ſo; 
and that theſe, as long as they are in action, agitate the Fire that is contain- 


ed within them, in the ſame manner as it happens to elaſtic Bodies by attrition: 
Upon the moſt careful examination, however, of this matter, I have not been 


able hitherto to diſcover by obſervation any ſuch thing as a magnetic power 
in Bodies with regard to Fire. 5 | 

In the Eighth place, I obſerve farther, that the hardeſt, and moſt ſolid Bo- 
dies being penetrated by a very ſmall degree of Fire, and heated through all 
the Particles of their whole Maſs, are mov'd and agitated to their very in- 
moſt ſubſtance; as appear'd plainly under our firſt Experiment. When, there- 
fore, the ſame Bodies are heated perfectly through by attrition, they will be 

conſtantly agitated in the ſame manner. And hence again, theſe Stamina being 
thus all tremulous together, we conceive that they muſt produce a friction 
among themſelves ſo long as this motion continues; and conſequently, muſt 
be agitated in the ſame manner as if this attrition was external. On this ac- 
count, therefore, they muſt move the Fire contain'd within them, and attract, 
collect, and retain it a good while within their folid Maſs. And then again, 
theſe filaments of the Bodies are reacted upon by the Fire, and thus too, ſuf- 
fers an attrition from it. From all theſe cauſes then, Heat will be ſometime 

retained in Bodies when once it is communicated to them. And indeed, that 
great Philoſopher Robert Boyle, long ago made it appear by Experiment, that 
a ſolid piece of the coldeſt Iron, laid upon a cold Anvil, and briſkly ham- 
mer'd with cold Hammers, would, purely from this compreſſive force, and its 
own recolling elaſticity, grow ſo hot, as to kindle Sulphur that was thrown 
upon it: And again, that an iron Nail driven up to the head in a piece of 
hard Wood, would, by being ſtruck upon with a cold Hammer, immediately 
grow exceeding hot, when once it could enter no farther, tho? the Hammer 
Itſelf would continue cold. And he farther demonſtrated the ſame thing in 
filing of Iron, where the Iron will acquire Heat, tho' there appears none at 
all in the File. See thoſe valuable Treatiſes of his, Of the Mechanical Production 
of Heat and Cold. | ; 

From theſe obſervations, therefore, we ſee in the Ninth place, that there 
may, by this means, be a great deal of Fire produced, where we are certain 
nothing more happens than the elaſtic Iron's being compreſs'd by other elaſtic 

Iron, and its reſtoring itſelf again between every ſtroke of the Hammer : And 


yet there will be here ſo great a collection of Fire, that Sulphur being ſprinkled 


upon the Iron, will be kindled into a Flame. 
| — = __Tenthly, 


Heat exci- 
ted by per- 
cuſſion alone. 


Purely by 
the vibrati- 
ons of elaſtic 
Bodies. 
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From a ſim- 
ple ſtroke. 


Fire is not 
actually ge- 
nerated by 
this means, 


But is put in 
motion 

and collect - 
ed, and ſo diſ- 
covers itſelf, 


may be put in a greater motion, than it was in before? And who will deny, 


The conclu- 
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Tenthly, then, we conceive, that when once ſuch an elaſtic Body is thus 
heated by percuſſion, it will for ſome time retain this oſcillation in its compreſſed 
and recoiling Particles, and by this means continue the motion of Fire: As we 
ſee a Chord, when once ſtruck, will tremble a good while; and a Bell, from 
one ſingle ſtroke, will continue its ſonorous undulations a great deal longer. 


In the Eleventh place, it ſeems of conſequence to examine whether this Fire 


that we have thus mention'd, as produc'd by attrition and percuſſion, is really 
generated de novo by theſe vibrations of the Particles, and did not exiſt before: 
And again, whether the parts thus vibrating do ſo wear away their own ſub- 


ſtance, that the Particles of the Body itſelf, thus abraded and agitated, be- 


come real Fire; and conſequently, whether other Bodies may thus by attrition, 


percuſſion, and vibration, be actually chang'd into true Fire, and thus Fire be 


created of what was not Fire before? For my own part, I confeſs, this, to 
me, ſeems impoſſible. For I have demonſtrated, that Fire exiſts in all places. 
J have made it appear, that it is equally diffuſed through every part of Space. 
I have prov'd, that it may be produc'd by the attrition of any Body whatſo- 
ever. And it is evident, that when it is once excited, let the manner of its 
production be what it will, it is always abſolutely the ſame, and diſcovers im- 
mediately that property, which is peculiar to Fire and inſeparable from it, 
and belongs to no other Body in nature beſides. It is not at all probable, there- 
fore, that Fire is continually generated de novo: But it ſeems likely, that when 
It is once created, it then continues always to exiſt, and that in the ſame 


quantity; tho? in all the actions abovemention'd, it undergoes ſuch changes, 


in reſpect of its motion, reſt, collection, diſperſion, and direction, that it 
ſometimes diſcovers itſelf to our ſenſes, whilſt at others it lies concealed beyond 
their penetration. And if a perſon carefully conſiders the things I have alrea- 
dy ofter*d concerning the marks and production of Fire, both as they ſtand 


ſeparately, and as they give light into one another, I can't but believe, he will find 
they plainly confirm my opinion, and ſhew the fallacy of the other: For who 


does not fee, that by the attrition and percuſſion of a harg-elaſtic Body, Fire 


that this will likewiſe agitate other Bodies in a greater degree, when it is thus 
put into a ſwifter agitation itſelf? Who don't eaſily perceive, that Fire alone 
is able to keep up with the exceeding rapid motions of the moſt ſolid Bodies, 
and of conſequence, muſt be there collected? And who doubts, but that in 
all theſe caſes, ſo much Fire is really brought hither from the neighbouring 
places in particular, as now exiſts in this place more than did before? For 
the motion of Fire from one place to another, don't ſeem at all more difficult 
than that of any other Fluid. But as ſoon as ever it is collected from a larger 


Space, and more cloſely reduc'd into a leſs, it muſt of conſequence appear to 


our ſenſe, as tho? it was really created a- new, both on account of its quantity, 
and of its effects. | 


In the Twelfth, and laſt place, give me leave to mention what I have taken 


notice of already, viz. that in every part of the known world, where there is 
the greateſt degree of Cold that either Nature or Art produces, Fire does actual- 


ly exiſt, and that in a very great quantity : For either by attrition, or percuſ- 


lion, the ſtrongeſt Fire may be excited there in the leaſt inſtant of time, This 
we lee evidently by ſtriking a Flint againſt a piece of Steel; and this the 
— — | I Thermo- 
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Thermometer infallibly demonſtrates, which we know certainly never ſuffers 
the leaſt variation, when it is apply*d to Spaces, or Bodies of the ſame tem- 
perature, I think, therefore, Gentlemen, I have now, by Experiments, and the 
Corollaries drawn from them, pretty intelligibly explain'd to you the firſt phy- 
ſical manner, by which that Being may always and every where be certainly 
excited, which has a power of penetrating, and expanding or rarefying every 


I23 


thing we are acquainted with, Space only excepted : But this we plainly made 


appear before to be univerſally called Fire, We now, therefore, begin to get 
a little light into its hidden and myſterious Nature, and conſequently, have 
ſome encouragement to proſecute our inquiries, 


EXPERIMENT XI. 


If Fire, explain'd as above, and now known by its power of rarefying, put- 
ting in motion, and inſinuating itſelf into every kind of natural Bodies, is col- 


lected in any Space, or Body, ſo that it becomes perceptible to our ſenſes, it 
then immediately begins to move itſelf by this power, and expands itſelf every 
way from the center of this Space, or Body. | 45 

That you may the better conceive what I mean, and at the ſame time ſee 
the proof of it, let this leaden Bullet be immerſed in boiling Water, and after 
it has remain'd there till it has acquired the ſame Heat with the Water, be pul- 


led out again by this Thread by which it is ſuſpended. It then throws out the 


ſame degree of Heat from every point of it, with regard to our ſenſes, has ex- 
actly the ſame effect upon the Thermometer plac'd at the ſame diſtance on 
any ſide of it, and by every circumſtance indicates an equable diſperſion of this 
Heat or Fire. Again, obſerve this red hot Iron juſt raken out of the Fire, 
does not the Fire look equally lucid and bright, and exhibir the ſame Colour in 
every part of it? And it warms us all equally, that are at the ſame diſtance all 
around it. It has evidently, likewiſe, the very ſame power of fuſion, exſicca- 
tion, and burning, on every part of it, And which is the ſtrongeſt proof of 
what I aſſerted, all Thermometers, let them be immerſed in what Liquors they 
will, if they are plac'd at the ſame diſtance, will immediately * . the 
ſame temperature, by either expanſion or contraction: And indeed, this is evi- 
dently confirm'd through the whole compaſs of Nature. 5 


R 


It appears, therefore, that this is the property of Fire, that its parts, whilſt 
they expand or move themſelves, tend equally towards every part of Space, 
and conſequently, are not determined to one point more than another. This, 
I confeſs, ſeems ſomewhat ſurprizing, and not eaſily intelligible ; and indeed, 
this idea differs very little from the idea of reſt. Pl] endeavour, therefore, by 


a ſimple Example, to explain what I mean, a little more clearly. Suppoſe a 


hollow Sphere perfectly empty, and then conceive another Sphere a hundred times 
leſs to be plac'd in the center of it, and its parts to have ſuch a power, 


that by equably receding from one another, they may perfectly fill up 


the larger Sphere : By this means then, you will have a true motion in 
all the parts, and yet the whole Maſs thus mov'd, will be perfectly indifferent, 
and indetermined to any particular fide. We conceive, therefore, from the 

R 2 | foregoing 
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The compu- 
tation of this 
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regard to its 


force and 


quantity. 
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foregoing Experiment, that the Fire that reſides in our Air always expands it- 
ſelf, and is compreſs'd by the ſame law, if no other cauſe intervenes, 


CoRoOL. 2. 


If you'll give me leave now to call the circumſtance of Fire, deſerib'd in the 
preceding Corollary, its State of Stagnation; then the force of ſtagnating Fire 
will be as the Spaces in which it is contain'd ; and conſequently, the commu- 
nication of this force from it, will be as thoſe Spaces. Suppoſe the Globe A 
fult of Air, hotter than the other ſurrounding Air contain'd in the larger con- 
centric Sphere B; then the quantity of Fire, and its active force upon any 


part of the circumſcrib'd Sphere, will be to the whole, as the Space on which you 


fuppoſe it to act, is to the whole Space circumſcrib'd : But this, in any caſe, the 


perty of Fire, the caſe 1s very evident. 


. 


For the eaſier conceiving of this, let us ſuppoſe the geometrical Globe A 


full of Fire, and in contact with another equal one B. From the center of the 
firſt C, draw the Tangents CD, and CE, to the Globe B. Then it is plain, 


that none of the Fire in the Globe A can, upon, our ſuppoſition, come at the 
Globe B, except through the Sector CFG. Now the proportion of this to 
the whole Globe may be geometrically found quam proxime, as alſo the magni- 


tude of the Cone CDE, and the ſpherical Segment DIE; and conſequently, 
the quantity of Fire communicated to this Segment. Theſe demonſtrations we 
may be eaſily furniſh'd with from the Geometricians: It is ſufficient to our pre- 
ſent purpoſe, juſt to have mentioned them. 


„ 


Taheſe things being underſtood, let us now ſuppoſe ſome phyſical cauſe to 


ariſe, which has a power of impelling all the Fire contained in this Sphere in pa- 


rallel lines, and fo of determining it towards one particular part. We then im- 


mediately conceive, that its whole efficacy will be directed that way, ſo that. it 
will paſs through the Cylinder EFGI, and all of it fall upon the Sphere 
KGBI; and conſequently, will exert its whole force upon that Sphere. The ef- 


fect of it, therefore, in this direction, will be to the former, as the whole is 


to that part, and as this parallel direction is to the diverging one; from the com- 
bination of both which cauſes, its force will be very conſiderably increaſed. 
But the quantity of Fire being doubled, its efficacy will be vaſtly. augmented: 
For in 32-degrees of Heat, Water will freeze; in double the number, viz. 64, 


the Air grows very hot; in 92 degrees, which is tripple the firſt, the Heat 


will exceed that of the Blood of a perſon in health, and an Air ſo hot 


would be fatal, perhaps, to every kind of Animal; in 192, which is 6 times. 


the firſt, the Heat will come near to that of boiling Water, and would be 
able to diſſolve and deſtroy all the parts of every Animal whatſoever, Since 


now the Area of a great Circle of this Sphere is to the whole Surface of the 


fame, as 1 is to 4; hence the Fire in the Baſis of the Cylinder abovementioned, 
will be 4 times more condenſed than it was in the Surface of the Sphere before; 
and. therefore, its force thus united, will be ſo much augmented. If we could 
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nicely, therefore, diſcover how the expanſive power of Fire is increaſed in pro- 
ortion to the ſmallneſs of the ſpaces into which it is condenſed, then we 
ſhould be able to finiſh the computation : For if this was as the Areæ themſelves, 
then its force would be four times greater on account of the quantity, and four 
times on account of the pores rr and conſequently, ſixteen times more vio- 
lent from both cauſes together. We muſt endeavour, therefore, to determine 
if poſſible, by Experiment, this expanſive power of Fire in reſpect of its denſity ; 
for it is probable, that this is exceeding great; and conſequently, that this di- 


rection of it in parallel Lines is of prodigious efficacy. 


EXPERIMENT XII. 
Now, if we turn our eyes every way to diſcover a cauſe that is able thus to The Sun de- 


determine the action of Fire into a Paralleliſm in our Air, the Sun certainly Fig inte a- 
' ſeems principally to offer itſelf as a being endued with a power ſufficient for Paralleliſm 
producing this effect. For that vaſt Globe, which the learned diſcover to be 
13431 times greater than the Earth, and almoſt 12543 diameters of the Earth 
diſtant from it, as it appears by every kind of argument to diffuſe its Light 
and Heat in right Lines, muſt in reſpect of its vaſt diſtance be conſidered as 
acting upon us in parallel Lines. It is not neceſſary here to cite thoſe Argu- 
ments from Optics, Catoptrics, and Deioptrics, which no doubt you are ac- 
quainted with, by. which the Rays of Light that flow from the Sun are de- 
monſtrated to proceed in right Lines, if they meet with nothing to interrupt 
them; and that then they are directed again in the ſame manner from that 
point of the obſtacle upon which they fall. Give me leave, however, to men- 
tion one, Experiment that occurs to me, which I think is an abſolute proof 
that al) the Rays, that either proceed from, or are determined by the Sun, 
affect/the moſt ſtrait direction; and that is this. Suppoſe it to be twelve a 
clock in a cold Winter's night, the Moon to be at the change, and the Hea- 
vens to be perfectly ſerene. Let any one then look up to the Sky, and he 
will ſee nothing lucid in that immenſe ſpace, beſides the Stars.. Of the Heat, 
and Light of the Sun, there will nothing; at all appear in the whole Hemi: 
| ſphere, except that inconſiderable quantity which the Planets borrow from that 
_ Luminary, and reflect to the Earth: And yet we are certain, that the Rays 
of the Sun at that very time, ſtrongly enlighten all this Hemiſphere, except 
that ſmall Cone, whoſe Baſe is a great Circle of Earth, and ics Axis 114 Dia- 
| meters of the ſame; which ſmall portion is all, of that vaſt ſpace, that is in- 
E cluded within the ſhade of the Earth, and conſequently is not illumined by the 
Light of the Sun. It appears evident, therefore, beyond all diſpute, that let 
a place be ever ſo brightly enlightened by the ſolar Rays, yet the Light will 
not be diſcerned by a perſon ſituated in ſuch a poſition, that a right Line can- 
not be drawn from the Body of the Sun to his eye; except theſe direct Rays 
ſhould firſt fall upon a Body by which they might be reflected to it. And the 
tame thing is, nearer at hand, perceived in a chamber ſo nicely ſhut up that 
the leaſt diſcernible Light cannot enter. For if you then make a very {mall 
hole towards the Sun, and by this means let its Rays into the room, you will 
in this place have only one lucid Cone, whoſe Apex in the hole, and its baſe 
projected iꝝ inſinitum. Now if you take any Body perfectly black, and op- 
Poſe it to the Baſe of the Cone, there will, then, no Light at all appear in the © 
1 room, 
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room, except to an eye placed within the illumin'd Cone; for if it is placed 
on one ſide it will be nothing at all, though at the ſame time the Cone is 


exceeding lucid. I confeſs, indeed, if we look at it ſideways we may diſcern 


a kind of weak Light in the Cone; but then you will eaſily ſee, that this 
muſt proceed from the duſt that flies about in the Air, and ſo reflects the 
Rays of the Sun that fall upon them; which was it away there would not ap- 
pear the leaſt Light at all. And this is evidently obſerved to be true, when 
by chance, for this has been the caſe, theſe particles are ſo diſpoſed that they 
will not repel the Rays of Light. By this argument, then, we are induced to 


believe, that the Sun has a power of making the particles of Fire, defle& from 


their natural tendency, which is from the Center to the Circumference, and 
determining of them in paralle] Lines. — 


If we confider, again, that all objects which are viſible by the means of 


Light, though oblcure of themſelves, immediately begin to ſhine, or appear, 
as ſoon as ever the Rays proceeding from the Sun fall upon them in a right 
direction, and grow inviſible again the inſtant that this is prevented, then the 
ſame thing will be ſtill farther confirmed. And again, if we rightly conceive, 
that the ſolar Rays falling upon a perfectly plain Speculum, and reflected thence 


by certain laws, only illuminate that part towards which the reflexion hap- 


pens, this doctrine will be more fully eſtabliſhed. But this Catoptrics cer- 
tainly and evidently evinces; and moreover teaches us, that one Ray of Light, 
roceeding from the Sun 1n a right Line, and falling upon a pure Speculum, 


will be thence reflected to ſuch another Glaſs in a right line, and repelled 


again by this in the ſame manner, and ſo on, and that this ſingle Ray, after 
ſo many reflexions, will ftill retain its lucid property, though it will never 
be ſeen but in a right Line drawn from the lucid point of the laſt reflecting 
Speculum to the eye. Since, therefore, this happens in the whole image of the 
Sun, as well as in one ſingle point, it is evident that that power of the Sun by 


which it determines Fire in parallel right Lines muſt always exert itſelf ſo long 


as this emanation and reflexion continue. But as ſoon as ever this luminous 
Body withdraws itſelf, this rectilineal direction immediately ceaſes, and Fire 
is then again left to its proper tendency, and enjoys its own natural expanſive 
power. For this reaſon, therefore, the Sun ought to be looked upon as the 


director of Fire. ; 


But, again, if we conſider, that the vaſt Body of the Sun on account of its 
prodigious diſtance appears only a lucid Orb, whoſe Diameter takes up but 


61 


257735 Of ere Of 30. 30 of a great yinble Circle at the Hexvens, we 


6r 

ſhall eaſily ſee, that the Rays projected thence in reſpe& of that little ſpace 
which falls under our Obſervation, may be fairly regarded as parallel. And 
laſtly, as a farther confirmation of this Doctrine, let us obſerve that in Optics, 
Catoptrics, and Dioptrics, we always ſuppoſe the Rays to come from the Sun 
in a parallel direction, in computing their refractions, reflexions, and the di- 
rections they move in; and yet, we can hence very accurately determine 
the true points of their Foci, reflexions, and directions, ſo that the Phænomena 

we obſerve in them, very nicely correſpond with the demonſtration. 
From all theſe Obſervations, therefore, thus ſuccinctly collected, it appears 
very evident, that the Sun is ſuch a cauſe as will inſtantly determine the 
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Theory of the ART. 
matter of Light reſiding in our Air into a Paralleliſm, as often as it can ex- 
ert its power upon it without any impediment. 


127 


But it has been always obſerved, that theſe lucid parallel Rays of the Sun 


produce Heat in the Bodies to which they are thus directed. And, hence, 
what has been juſt now demonſtrated of Light, will appear as evidently true 
of Heat. And ſince we here ſpeak of that Heat which is diſcovered by the 
Thermometer, we infer farther, that the ſame things will hold good of true 
Fire likewiſe, as we have hitherto explained it. We have now, therefore, found 
out the true reaſon why the Sun can very conſiderably increaſe the power of 
Fire, diſcoverable by its expanſion, purely by this parallel determination, 
without any addition of new matter, without any ſupply of Fire from the 
body of the Sun itſelf, or any production of Fire from ſomething that was not Fire 
before. And this, if Iam not miſtaken, is a diſcovery of the utmoſt conſequence 


in a chemical Treatiſe of Fire. 


Perhaps you may aſk, now, why don't a lighted Candle then, ſince it emits- 


its Rays of Light in a right direction, warm the place too that it illuminates ? 
To this I anſwer, becauſe this little radiant Cone does not act in a Paralleliſm, 
but diffuſes its Rays in a kind of Sphere, and hence does not propel the Fire in 
the room to one part more than another, but every way equally. But even in 
this caſe, if you approach ſo near to the candle, that, on account of the ſmall 
diſtance, the Rays may be conſidered as almoſt parallel, you will then imme- 


diately be ſenſible of Heat. : 


Thus, then, I think this difficulty intirely vaniſhes; eſpecially if you con- 
ſider at the ſame time, what I have obſerved already concerning the wonderful. 


diverſity of Light, and Hear. 


. 


Whenever, therefore, this rectilineal impulſe of the ſolar Rays, which thus 
give Fire its parallel direction, is by any means impeded, this Paralleliſm 
immediately ceaſes too, and that very moment the parts ot Fire arc equally 


expanded towards every ſide: Hence it eaſily appears, that this Paralleliſm 
was the only cauſe of all its former power. For let Viieti's ypeculum be di- 


rected to the Sun at noon in a perfect clear day, and an 16:1 rod be placed 
in its violent Focus, and be actually melted down; and then, wiilſt it acts 


with this vaſt power, let ſuch an opake Body be interpoſ-d between the Focus, 
and the Sun, as will ſhadow the whole Area of the Glaſs, and that intenſe Focus 


will inſtantaneouſly be deſtroyed, though the Air between the Umbrella and. 
Speculum remains equally warm, that is, contains as much Fire as it did before, 
the Sun continues to ſhine equally bright, and nothing more happens than this 


When this- 
Paralleliſm 
ceaſes, Heat 
ceaſes like - 
wile, 


parallel direction being prevented. Nor was there, as perſons may imagine, 


more Fire between the Focus, and the Speculum, whilſt the Rays of the Sun fell 


directly upon it: For in fact, one does not diſcover there any greater Heat, 
except what proceeds from the reflexion. There is a prodigious difference, 
therefore, betwixt that Heat which Fire yields from the attrition of Bodies, 
and that which is produced in the Air by this ſolar Paralleliſm : For the former 


continues a good while; the latter vaniſhes immediately. If a folid Body, 


however, is heated by the Sun, it will by reaſon of its ſolidity retain the Heat 
a conſiderable time. | _ 
| e 
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s Elements of CAHEMIST R, Part II. 


The proper The truth of what I have aſſerted, ſome Gardiners have experienced much to 
manner of their prejudice, in their Greenhouſes where they preſerve their Plants in the 
Gren- winter ſeaſon: For if the windows of theſe, by which they let in the Warmth 
hours Gf the winter Sun betwixt the hours of ten, and two, are ſo diſpoſed that the 
| Rays cannot reach to the ceiling, but tending downwards leave a ſpace between 
the ceiling, and that part which is ſhone upon, that does not receive any of 
the ſolar Rays; then ceteris paribus there will be always in that place the greateſt 
Cold. And, hence, there will be a cold moiſture continually collected there, 
which falling upon the Plants frequently deſtroys thoſe that are of a more 
tender nature. Theſe Winter-houſes, therefore, being built full South, ſhould 
be furniſhed with windows (which, if poſſible, ſhould reach quite down to 
the pavement, and be very clear) erected at an Angle of 34 degrees 30 from 
a perpendicular; and the ceiling ſhould be built ſlooping in ſuch a manner as 
to make an Angle of 20 degrees 3o' with a Line drawn horizontically from the 
top of the windows towards the oppoſite wall; in thoſe countries, I mean, 
where the elevation of the Pole is 52 4 degrees. The reaſon of this con- 
ſtruction may be eafily come at by the help of Aſtronomy, and the doctrine 

of Dialing : Brevity obliges us here to omit it. 


COOL: 4; 


The propor- The greateſt Heat that the Sun ever naturally produces in our Air, and the Bodies 
tion this Fire heated by it by means of this Paralleliſm, is conſiderably leſs than that which 
former pro- is generated in a healthy man by the vital actions. For this frequently raiſes 
duced by at. the Thermometer to the degree 92; that hardly ever to 84, and then never 
continues long in that degree, but quickly abates. It is neceſſary, however, 
to caution you, that I here ſpeak only of that Heat which 1s obſerved in open 
places purely from the direct Rays of the Sun, without their being any ways 
reflected, or collected: For clouds, by reflexion, and aqueous Globules formed 
in the Air, by refraction, may very much increaſe the action of this Fire. 
But, however, even in this caſe, Fire never was known to be raiſed to ſuch a 
degree by means of this Paralleliſm, or theſe natural reflexions, or refractions, 
as to be able to fet Fire to Alcohol, Oil, Sulphur, or Gunpowder ; unleſs, 
perhaps, Lightning may be an inſtance of it, of which, hereafter. And theſe 
Obſervations hold true of the natural Heat under the Equator itſelf, and every 
part of the Torrid Zone. Hence, therefore, it appears, that the greateſt power 
of the Sun is not capable of heating any Bodies we are acquainted with to ſuch 
a degree as to kindle them into flames, and conſume them, and thus to pro- 
duce ſpontaneous Fires, except, by means of Lightning alone, And it is far- 
ther evident, that the moſt ſcorching Sun cannot excite ſo much Fire in the 
hotteſt parts of the World, as may be quickly generated by a moderate attrition 
of very cold Bodies in the coldeſt : For if Iron is rubbed againſt Iron, it 
will ſoon grow ſo hot as to be able to ſet fire to Sulphur, or Gunpowder that 


is thrown upon it; and yet, even then, the Iron does not begin to emit any 


Light. Hence, again, we perceive it is not at all ſtrange, that ſome Bodies 
are very Jlutid, though they give very little Heat; nor is it, we ſee plainly, 
a neceſſary conſequence, that. a Body is very hot, becauſe it gives a great deal 
of Light: For the Light of the Sun, when it is upon the Meridian in a clear 
Winter's day affects the eyes ſo ſtrongly, that it renders them quite blind for 


a conliderable 
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a conſiderable time; and yet its Heat, at that very time, is ſo weak, that it is 
not able to melt a thin piece of Ice ſuſpended in the open Air, and directl 
expoſed to it, as I myſelf have obſerved this Winter. The image of the Sun 
reflected from poliſhed Gold, Silver, Braſs, Iron, Tin, or Glaſs, is intolerable 
to our eyes by reaſon of its exceſſive brightneſs ; and yet it does not excite the 
leaſt degree of Heat, that we can perceive, either by our ſenſes, or the 
Thermometer. And hence, again, I infer, that there 1s a vaſt deal of dif- 
ference betwixt the nature of Light, and Heat; Luſtre, and Fire. 
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The Supreme Being, therefore, has wiſely provided that the Bodies of Ani- Scareely 
mals, and Vegetables, even the tender ones, ſhould not be deſtroyed by the Bae 
direct force of the Sun. Direct I ſay, leſt any one ſhould imagine that I 
deſign to include that too, which proceeds from the reflexion, and collection 
of its Rays, which may thus be prodigiouſly increaſed ; for by this means it 
ſometimes becomes ſo intenſe, that it renders places uninhabitable : Of this the 
Iſland Ormus has long been an inſtance, where the high mountains of white Salt, 
in a certain poſition to the Sun, by their whiteneſs ſo reflect, and unite its Rays, 
that at that time no body is able to live there. The fame exceſſive degree of 


Heat, however, does not continue a great while, but is in a ſhort time tem- 
pered by a ſucceeding Cold. rai 


CoROL. 4. 

If the Sun ſhould ever irradiate the Atmoſphere of our Earth, at a time, Is not the 
when all the Corpuſcles that float about in it, were diſpoſed -tojan equable tranſ- — 
miſſion of its Rays, it would then drive all the Fire in the Atmoſphere into | 
parallel Lines, except that portion that was included within the conical ſhade 
of the Earth. But there are a great many different reaſons that makes it in- 
credible that this ſhould ever be the caſe, and, therefore, it appears exceeding 
probable, that very extraordinary reflexions, refractions, collections, and di- 
ſperſions of the ſolar Rays perpertually happen there. And hence, the force 

and action of the Sun, both upon our Atmoſphere, and Earth, will every 
where be found ſurprizingly different: But, in thoſe places, that lie beyond 
the limits of our Atmoſphere, the Fire thus directed by the Sun, ſeems to be 


always as the ſpaces themſelves, if they are not at too great à diſtance from 
one another. | - | | 
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Hence it ſeems exceeding likely, that the ſame degree of Fire is ſcarcely on varin: 
ever obſerved in different places: For whether you conſider the various aſpects «counts; 
of the Sun with regard to the Earth ; or the different nature, and motion of 
the Bodies that float about in the Atmoſphere; or the different properties of 
the very ſame, at different heights ; and many more ſuch like circumſtances: . 
you will find that nothing ſeems more cautiouſly provided againit, than that 
there ſhould be the ſame force, and effect of Fire in different places. T he 
<cacy, now, of theſe cauſes will be manifeſt by the following Experiments. 
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Elements of CHN is T Rv, Part II. 


ExpERIM ENT XIII. 
If this Fire, thus determined by the Sun, falls upon Bodies that are exceed. 


ing black, its Heat will be retained there a conſiderable time, On this account, 
therefore, ſuch Bodies grow ſooner hot, and acquire a greater degree of Heat 
from the ſame Fire, grow dry in a ſhorter time when they have been wetted 
with Water, and burn much more readily than any other. We need go no 
farther for the proof of theſe aſſertions, than daily Obſervation. Take a piece 
of cloth died a very deep black; another piece of the ſame cloth, but white; 
a third, ſcarlet; and others of different Colours; and hang them up in the 
Air, and Sun, and you'll find that the black will grow warmeſt, and much 
fooner than any of the reſt. And of the others of different dies, thoſe always 
acquire Heat ſloweſt, whoſe Colours are moſt vivid, and affect the eyes moſt 
ſtrongly : for the white, and ſcarlet are longeſt growing warm; and the reſt 
fo much ſooner as their Colours are leſs bright, as we ſee evidently in the 
weaker Green. And this, thoſe people that live in the hotteſt countries are 
well acquainted with ; for they find, that if their outward garment 1s white, it 
beſt ſecures them from the Heat of the ſcorching Sun, whereas if it is black, 


it ſuffocates the Heat, and makes it more troubleſome. And it is a common 


Obſervation of the manufacturers of Woollen-cloth, that if a parcel of wet cloths 
are hung up at the ſame time, and are equally expoſed to the Sun, the black 
will preſently grow warm, reak, and dry ; the white will retain its wet a long 
time; and the others will dry ſo much flower, as their Colour is brigher. 
Hence, again, white garments, when they are expoſed to Heat retain their 
dampneſs much longer than others, and thus too keep the Body cool. 

It has, yet farther, been obſerved that black Bodies take fire, flame, and 
burn, much eaſier with the ſame Fire than Bodies of any other Colour. Shav- 
ings, for inſtance, of very white wood will ſcarcely receive a ſpark ſtruck 
upon them, ſo as to keep it in; but if you burn them to a black coal, the 
powder of this will eaſily ſupport it, and be foon kindled all over by one 


fingle one. In the ſame manner a ſpark won't keep a-light any conſiderable 


time in a piece of very clean white linnen z whereas, if it falls upon the ſame 
when it is reduced to tinder, which is a fort of exceeding thin black coal, it 


will ſpread itſelf all over it. Nor would even Gunpowder itſelf, ſo ſoon take 


fire, where it not for its blackneſs ; as we ſee evidently in the powder of very 
white Nicre rubbed with Sulphur. The Gardeners too have long obſerved 


to their diſadvantage, that white Earth will hardly grow hot, except juſt on 


the ſurface; whilſt the black conceives ſo great a heat, as to burn the very 


roots of their Plants. The Chemiſts, likewiſe, long ago informed us, that 


black Bodies committed to digeſtion, or reduced to it by Art, grow warm 


with the fame Fire eaſter than others; different degrees of Heat being required 


in the head of a Crow, the neck of a Swan, and the tail of a Peacock. And 
laſtly, the Philoſophers have confirmed the fame by ocular demonſtration. 
If you hold a piece of very white paper in the Focus of a burning Glaſs, it 
will be a conſiderable time before it grows hot, and much longer before it 
takes fire; and when it is juſt going to kindle, it firſt loſes its whiteneſs, 
grows brown, then black, and afterwards flames in an inſtant. See upon this 
head the remarkable Obſervations in the Memoirs of the Acad. del Cimento. 260, 

2 . 


* . 
I 
> 


Light, nor Heat; nor did there appear by any Experiment the leaſt ſign of 


that are inflamed are not injured by black Bodies; and when they are affected 


fected by a black cruſt, ſo exceeding thin that the external ſurface only ſeems 


igneous Light almoſt with the ſame power as they receive it. This is very ca it very 


: Theory of the ART. 
Hence, then, we get ſome light into a good many Phenomena of Meteors : for 
every one knows that there never happens more terrible Thunder and Light- 
ning, than when the face of the Heavens is firſt obſcured. with the blackeſt 
Clouds, and thickeſt darkneſs ; whence too, there often ſuddenly follow pro- 
digious Whirlwinds, occaſioned by the rarefaction of the Air from this Heat 
thus inſtantly generated, and retained in it. 1 


131 
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EEPERIMENT XIV. 1252 
Black Bodies do not reflect igneous Light, or Light that gives Heat, though Black Bodiec 
it is impreſſed upon them by the Sun ever ſo ſtrongly. This we ſaw evidently "= x" Ag 
by covering a Speculum, which burnt very powerfully, with the thin ſmoke Light they 
only of a Candle; for when by this means it was grown black all over, and ee. 
then directed towards the Sun, an eye placed in the Focus perceived neither 


Fire there, though as ſoon as ever the ſoot was wiped clean off, and it was 
reſtored to its former brightneſs, it immediately, upon being expoſed to the 
Sun, regained both its ſhining, and burning faculty. For this reaſon, eyes 


with a painful Ophthalmy no colour gives them more eaſe, than darkneſs does, 
which is a perfect privation of all. Even Yebirnbeuſen's glaſſes themſelves, 

if they are thus blacked with the ſmoke of a candle, do not produce the leaſt 

Light, or Heat in their Focus, though they are directed towards the hotteſt 

Sun. ; bn . 55 
From theſe Obſervations, therefore, it evidently appears, how little a matter 
is often neceſſary in the Air, to ſuffocate, and deſtroy the moſt powerful effects 
of Fire, that depend upon the action of the Sun; and how very different a 
Heat may be ſuddenly excited in different places from the ſame cauſe. And, 
here certainly, there is nothing more ſurprizing, than that this ſhould be ef- 


to be concerned in it, without any thickneſs to aſſiſt it. RI” 

But, now on the other hand, Bodies that are exceeding white, reflect this Noi 
evident in white Metals, as in the moſt ſolid pure Silver, if it is formed into a powerfully« 
plain Speculum : For that will return the image of the Sun very nearly as vi- 
vidly as it falls upon it, and for a time hurts and blinds the eyes; and when 
they are inflamed, and painful it is perfectly intolerable. Look through a 
plain clear glaſs towards the Sun, and it ſeems to tranſmit the Rays, almoſt, - 
without any alteration: Let then your eye be placed directly betwixt the __ 


glaſs, and the Sun, and then look in the glaſs, and you'll ſcarcely perceive any 


thing; but if the back part of the glaſs is covered over with a very white com- 
poſition of Mercury, and Tin mixed in a certain proportion, the reflexion of 
the Image of the Sun from the Speculum will be ſo ſtrong that the eye will 
not be able to bear its brightneſs, 5 „ 

In like manner every body knows, that the ſolar Rays reflected by the yel- yellow wes 
low colour of Gold are vaſtly refulgent. But this was never more remarkable, lkewik- 
than in that inſtance of a concave Speculum in Saxony, which being formed 
of wood very carefully hollowed into a ſpherical form, and then poliſhed, 
and nicely covered over with OO burned wich an incredible . 

| 2 An 
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And left any one ſhould imagine that the efficacy of this was owing to the meta]. 
line quality, let him take notice of that other more ſurprizing one, which too 
had an exceeding cauſtic quality, that was made of pieces of yellow ſtraw very 
accurately fitted together. 
In the ame And thus the red, and all the other capital Colours, ſo nicely diſtinguiſhed 
manner we by the ſingular penetration of the incomparable Newton, may in the ſame 
ame the Manner be examined, both with regard to the Light that they collect in a Focus, 
reſt. and the cauſtic power they exert there: For if the Speculums are made of the 
fame matter, ſize, and figure, and are poliſhed in the ſame manner, but are of 
different colours, then, the difference of the Heat in their Foci will give us 
the doctrine of Colours with regard to their power of generating Fire; and at 
the ſame time will ſhew us what Colours heat, cool, yield a moderate degree 
of Heat, reflect, retain, and diſſipate the Fire that is impreſſed upon them. 
But we muſt haſten to our farther examination of Fire; we can only, there- 
fore, hint at theſe things at preſent, Let us ſee, then, what are the conſequences 
of this Experiment. | | 


COKUL. 1. 


Burning From what has been obſerved, the true doctrine of burning Speculums may 

Hauluni be eaſily underſtood, with regard to their efficacy as it depends upon the Co- 
lour of their poliſhed ſurface : For if all other circumſtances are alike, a few 
Experiments carefully made will readily determine the proportion of their focal 
powers in reſpect of their Colour, 


Loss 

Pigments And if we want to know what will be the effect of laying ſuch and ſuck 
heating, or Colours on Bodies with regard to their power of heating, and cooling, we may 
from the ſame principles as eaſily inform ourſelves. With reſpect to the 
ground that we walk upon, or look at, we know certainly, that black Earth. 
burns the Feet, but is more favourable to the eyes; whereas white ſcarcely 
warms the former, but by its bright whiteneſs dazzles, inflames,. and burns 
the latter. The ſame thing is eaſily conceived of pictures, and tapeſtry. And 
the knowledge of theſe things will aſſiſt us in a particular manner, in making 
coverings to ſecure our Bodies from Heat, and our eyes from the Light. Houſes, 
for inſtance, that are externally white will be cooleſt within; and thoſe on the 
other hand that are black will be hotteſt; if the walls are made of the ſame 
materials, and are of the ſame thickneſs. And hats that are very white on their 
upper ſurface, and black on the under part of the brim. are a vaſt relief to the 

Heat when the Sun is exceeding hot. | | 


COROL, 3. 


The cauſe o From the ſame cauſes the Heat of the ground in ſome parts of the World 
Heat inthe grows intolerable, when being very black, it is expoſed to a ſcorching Sun: 
ar. Whilſt in others, the Air is rendered ſo hot that it cannot be born. This we 
ſee particularly in the Iſland Ormus, where the ſolar Rays are ſo ſtrongly 
reflected from the white mountains that run Eaſt and Weſt, and the Air is ſa 
exceſſively heated by them, that the people periſh in it, if they don't lie co- 

vered in Water all but their heads, which are kept above it by proper ſup- 

g . ports; 


8 
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ports; as hkewiſe in Gamron, where the ſame thing happens from a ſandy, ES 
white mountain, which reflects and collects the Rays in ſuch a manner, that 

the Heat of the Atmoſphere is ſcarcely any where ſo violent as it is there : And 

yet both theſe places lie beyond the Tropick in north latitude. See Nieubof. Tin. 

Terr. & Mar. from p. 80 to 91. and other Authors. 


CoROL, 4. | 
Water, and other Liquors, are raiſed into the Air by the power of terreſtrial Hence Me- 
and aerial Fire. And the leſs they are preſs'd by the weight of the incumbent bor. 
Atmoſphere, the more eaſily their Particles recede from one another by the 
ſame degree of Heat. The higher, therefore, they aſcend, the farther they 
are ſeparated aſunder ; both on account of their increaſed Spaces, and their | 7 
leſſer reciprocal attraction. Hence, of conſequence, they collect leſs Fire, grow 
cooler, and float about through vaſt Spaces, in form of exceeding fine corpuſ- 
cles, whoſe reſiſtance always increaſes in proportion to their altitudes. And 
whilſt they are thus driven about, the parts of Water may, poſſibly, be re- 
ſolved into their ultimate, exceeding hard, immutable Elements, which, tho“ 
very. rigid aſunder, yet being united together again, may conſtitute the ſame 
ſoft Body they did before. When by any means now whatſoever, a conſiderable —_— 
number of theſe aqueous Particles are brought into union in this upper, and conſe- A 
quently, colder region of the Air, it is very probable, that the Air is immediately 
filled with very ſmall icy Bodies; and that theſe, now they begin to deſcend, 
(and thus coming nearer to the Earth, are reduced into ſmaller Spaces, and hence 
are more cloſely united,) by their reflections of the Solar rays, form thoſe Clouds 
in the Heavens, which to us appear ſo exceeding white, whoſe whiteneſs, the 
greater it is, the more certainly we can foretell, that we ſhall ſoon have Snow, 
Hail, cold Showers, or cold Winds. But the whiter that ſide of the Cloud 
is, that is directed towards the Sun, the colder, of conſequence, muſt the other 
{ide be in proportion, as it wants at that time the Solar Heat. Hence it evi- q 
dently appears, that ſuch Clouds may increaſe the Heat of the Air in a very þ 
ſhort time, eſpecially, if from their different poſitions with reſpect to the 1 
Sun they ſhould be fo ſituated as to reflect the Solar Rays into one ſmalk 
Space, and thus form a kind of Focys in the Air. On the other hand now, if at 7 
the ſame time that the Sun ſhines, we ſee exceeding black Clouds in the Sky, 3 
there generally very quickly follows Thunder, and Lightning. | \ 


| „ 

If we rightly underſtand, therefore, what has been ſaid, we ſha'n't wonder 

at the viciſſitudes of Heat and Cold that ſometimes happen ſo ſuddenly in the 
ſame place of the Atmoſphere. For if we conſider, that as ſoon as ever the 
Solar Rays fall directly upon the Air, the Fire, that before tended equally eve- 
ry way, is immediately determined into a Paralleliſm, we perceive, that on 
this account the Heat mult be much increaſed. Again, the ground we tread 
on being thus inſtantly expoſed to theſe parallel Rays, muſt of conſequence ſoon 
grow hot. And laſtly, all the Bodies in the Air, or above the Earth, will be 
affected with the irradiation of the Sun now ſhining, upon them, and therefore 
muſt continually grow warmer and warmer. From theſe cauſes, therefore, tho” 


there ſhould not be an addition of one particle of Fire more than there wes be- 
| | = ore, 


134 Elements of CHEMIST RV, Part II. 
fore, yet the Heat of any particular place may be conſiderably augmented. 
And thus we have now diſcovered in Nature, another manner of exciting Fire, 


which before did not appear, and that is, the action of the Sun, thus deter- 
mining the particles of Fire in a parallel direction. 


EXPERIMENT XV. 


The collee- If we conceive, now, certain Corpuſcles perfectly white, exceeding ſmooth, 
bars od and very ſmall, to be ſo fitted together, that the Fire, thus render'd parallel by 
Fecus, the action of the Sun, and impreſs'd upon their Surface, may be ſo reflected, 
that all the Rays may meet together in a very ſmall point; then, all this in- 
cident Fire will be collected in that place, which, had theſe Corpuſcles been 
ſituated in the ſame plane, would have paſs'd on in parallel Hnes, as it fell up- 
on them. 5 
Hence, therefore, the Fire in this place of collection, which for the future 
we ſhall call the Focus, will purely, from its quantity, be ſo much more intenſe 
than it was before, as this Space where the Rays are thus united, is leſs than 
the whole Surface from whence they were reflected. But the force of it was 
likewiſe much augmented before, on account of the paralleliſm already men- 
tioned. | 
Perfetina Was it poſſible, therefore, by Art, to conſtruct a concave Speculum, whoſe 
concave 72> cavity ſhould be formed by the revolution of the moſt perfect firſt Parabola of 
Appollonius, and hence would have any exact conoido-parabolical hollow figure; 
if the matter of it likewiſe was the denſeſt we are acquainted with, as Gold; and 
the colour the whiteſt, as that of the fineſt Mercury; if it, farther too, like 
the pureſt Steel poſſeſs'd the moſt elaſtic qualitity; and laſtly, if the aperture 
of its Baſe was very great: Then, if you placed the circle that terminated the 
Baſis of this parabolical Conoid parallel to the apparent Diſc of the Sun, all 
the Fire that enter'd in a parallel direction through this circle, would be col- 
lected within the Speculum, in a point of the Axis r of the Parameter diſtant 
from the Yertex : And conſequently, by enlarging the capacity of the Speculum, 
But the this force might be always farther increas'd. But the moſt induſtrious Artiſts | 
der be m. DAVE never yet been able to diſcover ſuch a kind of matter, or to give any Z 
ed exactly. hollow Body this exact parabolical figure; and hence, tho' we eaſily conceive Z 
j of this efficacious power, yet it has never been reduc'd into practiſe. . 
7 The next thing, therefore, was to try, whether it was not poſſible to give 
ny | ſome exceeding ſolid, white, hard, and elaſtic ſubſtance a ſpherical figure, 
5 and ſo to poliſh it, that there ſhould be no unequal vacuities left in the con- 
cave poliſh'd Surface; and this, it was imagin'd, might be effected by the at- 
trition excited in the action of turning: But this upon trial, was not found ſo 
'ealy to accompliſh, by reaſon of the difficulty of the Poliſh . The Heat, how- 
ever, that has been by this means generated, has been found -to be ſo violent, 
9 that it almoſt exceeds all credibility. on 
5 The incre- Not to mention many others, it is ſufficient to take notice of the moſt per- 
dible power fect one hitherto known; and this is that, which with a good deal of expe- 
Files Tience and labour, was made by thoſe excellent Artiſts, the Father, and his 
Speculmm., two Sons, the Vilett's of Lyons. This Mirrour is form'd of a metalline ſub- 
ſtance, nicely compounded, after a great many trials for this purpoſe, and is 
of a concave ſpherical figure, the Chord of the Segment of the Circle, by the 


revolution 
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revolution of which it is conſtructed, or the diameter of the Circle which mea- 
ſures its Aperture, being 43 inches, and conſequently, the Area of the plane 
through which the Rays are admitted, 1452 +; French inches. Both the con- 
cave and convex fide of it is ſpherical ; and both Surfaces are poliſh'd as nice- . 
ly as poſſible. The whole Maſs of the Speculum weighs 400 French pounds 
and laſtly, the Rays which fall upon the Speculum, through the aperture above- 
mention'd, when it is directly oppoſed to the Sun, are collected in the Air, 
within a circle of half an inch diameter, which is 34 feet diſtant from its vertex, 
Hence, therefore, if all the Rays that come parallel from the Sun, and are re- 
ceiv'd by the Speculum, were reflected into this Focus, then the Space they took 
up in the circle of the aperture of the Speculum, would be to the Space into 
which they are thus contracted in the Focus, as 7396, is to 13 and conſe- 
quently, there would be ſeven thouſand three hundred ninety ſix times more 
= Fire in this Focus than in the Air heated at the ſame time by the Sun; which is, 
EZ certainly, a prodigious difference. | | | 
Es We muſt, however, caution you here, that we ſuppos'd all the Rays, Difficult to, 
that fell upon the Speculum, to be reflected back again into the Focus; but pris, 
this, by Experiment, is evidently found to be falſe: For neither is the 
figure exactly ſpherical, or is it perfectly poliſh'd, or without vacuities in 
its Surface, as the Microſcope informs us, and as you may be ſure, from 
looking obliquely at it, for you may ſee its concave Surface on every ſide 
of it, But let that be as it will, if the Ratio of the reflected Rays to 
the incident ones, ſhould ever be diſcover'd, the proportion may be eaſil 
computed : In the mean time, however, this we are ſure of, that the Fire, 
which is generated there, is vaſtly intenſe. For by a multitude of repeated Butby itsef- 
Experiments, ic evidently appears, that every body, that is combuſtible by pears tor be 
any Fire, will, if it is plac'd in this Focus, burn furiouſly in a moment's vey greate 
time. And even thoſe combuſtible Bodics, which by reaſon of their aqueous 
moiſture, won't burn eaſily, except they are firſt dry'd by the Fire, will here 
kindle into a Flame inſtantaneouſly. This was evident in a branch of green 
Wood drawn backwards and forwards through the Focus, which flam'd in a 
moment in every part upon which it fell, tho” the branch was then moiſt and 
thick, and did not remain at all in the Focus, Within the ſpace of a minute, 
the ſix Metals were put in fuſion in the fame Focus; as alſo, all the Semi- 
Metals that have hitherto been try*d; even ſtony and rocky Bodies, are melt- 
ed and vitrified by it in an inſtant. And how violent its effect muſt be, Gen- 
tlemen, you may ſee from this inſtance, that even Bones themſelves, whoſe 
Aſhes you know, in the cupelling teit, ſo powerfully reſift both Fire and 
Lead, 'are melted by it in the twinkling of an eye; as are likewiſe Bricks, 
Clay, Sand, Crucibles, Marble, Jaſper, and Porphyry, which are turned into 
Glaſs. And laſtly, the very Stones which the Maſons make uſe of for build- 
ing the Furnaces deſign'd for fuſing of Iron, and ſeparating it from its vaſt 
hard foſſil Ore, melt and vitrify in this Focus immediately; which no perſon, 
= let him underſtand theſe things ever ſo well, or let him have ſeen ever ſo much 
| of the violence of confined Fires, could ever have imagined; for theſe fame 
Stones would have remained many years without alteration, in the intenſe 
Fire ro which theſe Furnaces are always expoſed : So that the power of this 
focal Fire, is able to effect that in the leaſt inſtant of time, which the * 
| tho' ny 
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Some re- 
markable 
circumſtan- 
ces in this 


Seculun. 


Oenerates 


no Heat by 


the help of 
the Moon. 


A verygreat 


one by the 
rays of the 


ſome years. And yet this Fire reſides in the liquid Air, nay, perhaps, in 
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thoꝰ the ſtrongeſt we know of beſides, could hardly accompliſh in the ſpace of 


vacuo, the Air being expelled by this vaſt Heat, and that, without the leaſt Pa- 
bulum to ſupport it; and it always remains there, ſo long as the Solar Rays con- 
tinue to fall upon the Speculum. 

Now the colder the matter is of which the Speculum conſiſts, the more in- 
tenſe will be the Heat of the Fire in the Focus; and therefore, the denſer this 
metalline ſubſtance is, the more powerful will be the effect. But by this cold- 


neſs, the elaſticity is conſiderably increaſed, and hence, too, its efficacy will be 


ſo much the greater : Whereas on the other hand, as ſoon as ever the body of 
the Speculum grows warm, its action becomes feebler; and as it gradually grows 
hotter and hotter, its cauſtic power is continually diminiſh*'d. Hence, in a ve- 
ry clear, cold, Winter's day, it exerts its force much more powerfully, than in 
a fine Summer's one. But farther, from what has ;been already laid down, 
we know, that the coheſion of the Elements of all Bodies, is conſtantly weaken- 


ed by Fire, and that always, in proportion to the degree of it; that hence, 


the. Pores that are left between their Elements are inlarg'd; and that their 
power of contraction, and of conſequence their elaſticity, which depends upon 


it, is hereby weaken'd, Here, therefore, again, is a large field open'd for 


inquiry; but it is impoſlible for us to enter into all theſe things at preſent, 


. Give me leave, however, on this occaſion, to take notice once more, that when 


this Speculum was directed towards the Moon at the full in a clear Winter's 
night, and the Bulb of a very ſenſible Thermometer was placed in the center 
of its Focus, there was not the leaſt indication either of Heat or Cold, but the 
Glaſs remained exactly at the height it was before, tho? at the ſame time the 
Focus was ſo exceſſive bright, that no-body was able to look at it. And this, 
upon conſideration, ſeems the more ſurprizing, becauſe theſe Rays that thus 
come from the Moon, were received, by that, from the Sun; and yet we 
know, by Experiment, that if the image of the Sun is reflected from a very 
perfect plain glaſs Speculum directly upon Yilettess, the Fire generated in its 
Focus will be vaſtly intenſe, and near as ſtrong, as if the Solar rays had fallen 


Sun reflected directly upon it. Hence, therefore, again, is demonſtrated a plain difference 


upon it by a 
plain Specu- 


lum. 


betwixt Light and Heat, as was before taken notice of. Theſe, now, are 


the principal phyſical effects of this Speculum, with regard to our preſent pur- 


poſe, which I have exactly related, as they are delivered by the worthy Author 
himſelf from his own obſervation, and which will be of ſervice to us preſently 
1n treating of the nature of Fire. 


Inconvenien- This noble Inſtrument, however, has this one inconvenience, that as the Sun 


cies of this 
Speculum, 


cies. 


muſt be pretty high to communicate its power to it, and this concave Shecu- 
lum muſt be fo directed to the Sun, that the Axis of the lucid Solar Diſk, and 
that of the Speculum, muſt be in the fame right line; hence, the Bodies too 
that are to be examined in its Focus, muſt be in the ſame line alſo: For which 
reaſon, it is impoſſible to prevent their falling, when once they come to be 
melted ; and hence, as ſoon as ever they are put in fuſion, they run from the 
action of the Fire, ſo that no trial can be made of them farther, which, you 


Convenien- eaſily conceive, would be of. the greateſt conſequence. But this inconvenience 


is, in ſome meaſure, compenſated by this property of it, that the external Sur- 
face of this poliſh'd Metal, reflects all the Rays that fall upon it, and hence 
5 | : docs 


3 
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does not much diſſipate or change them; whereas your glaſs Speculums, that 
reflect by means of Mercury incruſtated upon the back part of them, muſt ne- 
ceſſarily cauſe a great diſſipation of the Rays, on account of the multiplicity 
of images that ariſe from the poſition of the pellucid Particles of the Glaſs. 
And as for the other manner of burning with convex Glaſſes by refraction, this 
is ſtill leſs powerful; for theſe muſt reflect a great quantity of the Rays to- 
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wards every part; and a great many more will be ſuffocated, and extinguiſhed, 


whilſt they paſs obliquely through their ſubſtance. 


4 ese. . 
From the conſideration of what has been now laid down, I think it evidently 
follows, that the celeſtial Bodies, as well Planets, as fix'd Stars, make no alte- 
ration in our Fire, with regard to Cold or Heat, that we are capable of diſcern- 


ing. For ſetting aſide the Sun, whoſe effects we have juſt explain'd, the 


Moon is the only one of any conſequence; but when the image of this is re- 


_ ceived on this Speculum, and reflected into this very ſmall Focus, it does not 


produce the leaſt ſign of expanſion, or contraction, no, not even in the Air it- 


(elf. What then can the Light do that comes from the other Planets ? Cer- 


tainly, nothing at all. Nor has the Light of the fix'd Stars any greater ef- 
fect. If theſe Bodies, therefore, are endued with a power, by which they are 


None of the 
heavenly Bo« 
dies, except 
the Sun, 
cauſe any in- 
creaſe of 
Fire, either 
by deter- 
mining, it in 
a parallel- 
iſm, or by 


reflection. 


able to act upon the Heat and Cold of our Earth and Atmoſphere, which I 


don't pretend to deny, they muſt neceſſarily do it in ſome other manner, than 
by the vibration of their lucid Rays. Nor will the Aſtrologer's referring us 
to the various Aſpects and Conjunctions of the heavenly Bodies, and to the 


Conſtellations, make any thing againſt what we advance; becauſe it always ap- 


pears by Experiment, that there is no alteration produc'd by any of theſe cauſes, 
in the caſe we are at preſent conſidering. We may venture, therefore, to aſ- 
ert, that all the Heat that lows from the heavenly Luminaries, and is tranſ- 
mitted to us, depends intirely upon the Sun alone, without receiving the leaſt 
augmentation from any of the reſt that has hitherto been diſcovered, 


U 


Theſe things, then, being well underſtood, we can't clearly conceive how 


any conſiderable alterations can be produc'd in the Bodies of our world by the 
Stars: For in moſt of theſe changes, that we are acquainted with, either Heat 


or Cold, is concerned, whether new motions are excited, or former ones are 


altered; but upon Heat and Cold, the Stars have no effect. The influences, 


Gravity a- 
lone ſeems 
here to make 
ſome altera; 
tion. 


therefore, that theſe heavenly Bodies are ſuppoſed to have upon theſe 


lower” ones, muſt depend upon ſome other cauſes; and conſequently, theſe 
changes are not owing directly to any communication of Fire, or any altera- 
tion of it, that the Stars are capable of producing. Nor in reality, has it 
hitherto. appeared by Experiment, that theſe ſuperiour Bodics do exert any 
force upon theſe lower regions, except what is to be aſcribed to the power of 
Gravity alone; which is vaſtly different from Light, and Fire, nor has the leaſt 
dependence upon them. That this power, indeed, on account of the various 
poſitions of the heavenly Bodies, mult be liable to frequent changes; and 


hence, from theſe different degrees of attraction and repulſion, may produce a 


great many alterations in the Bodies of our world, no-body that 1s acquainted 
| ; EF with 
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with theſe things will deny; but at the ſame time that they have any other 3 
power, with reſpect to us, beſides that of Gravity, we never have yet had ſuf- Y 


ficient evidence to induce us to believe. 


| | Co Ro 1. 3. 
Surprizing Theſe things then being premiſed, we may again venture from Experiments 


er -a. to account for a great many Phænomena that we obſerve in the Air, which re- 
ed Light» late to our phyſical inquiries, which ſometimes mightily diſturb our chemical 
operations, and which may be eaſily underſtood from what has been ſaid. The 
famous Halley has demonſtrated, that there 1s an incredible quantity of Water 
perpetually carried up into the Air: That this aſcends to the greateſt height in 
very ſerene weather, appears by the clearneſs, and increaſed weight of the At- 
moſphere at the ſame time: Nor is it leſs certain, that it will be there turned 
into Ice, if its Elements happen to be brought into union in thofe upper re- 
gions. Now what hinders, but that theſe particles of Ice thus produced, may 
in like manner be brought together there, and being gradually united into 
large globular Bodies, may appear in the form of Clouds? And why may not 
theſe, from an infinite number of cauſes, be perpetually changing their figure, 
be ſometimes plain, then ſphefical, and ſo of all other figures by turns? Sup- 
poſing, then, this to be the caſe, will not the action of the Sun irradiating the 
Air, and ſhining upon theſe Speculums, be thence reflected, ſo as to produce 
very ſudden and ſurprizing appearances of Light? And again, may they not, 
by being diſpoſed in a different manner, ſuffocate and extinguiſh the Rays of 
Light, and thus in an inſtang bring on thick Darkneſs? Whenever the Clouds 
in the Heavens appear exceeding white from the irradiation of the Sun or 
Moon, there generally follows very quickly, either Snow, or Hail. And after 
long drought and fine weather in the hotteſt part of Summer, I have obſerved 
little white Clouds to appear aloft in the Air, which increaſing in magnitude, 
very faſt, become conſtantly leſs white, as they grow bigger and bigger, and a 
little afterwards, from a large baſe deſcending towards the Earth in a pyrami- 
dal form, make a perfect ſhade, and burſt into ſhowers with a great violence; 
the largeneſs of the drops at the ſame time evidently ſhewing, that they were 
Hail in the upper, colder regions, but ſuddenly melted as they came down in- 
to the lower and warmer ones: Or if the Hail-ſtones happen to be ſo big 
aloft, that they cannot be thus thaw'd in their deſcent, then they fall to the 
ground in a folid form, and both ways quickly render the lower Air in the 
Places where they fall, much cooler than it was before. Now theſe Phenomena 
may be eaſily accounted for from the ſimple cauſes already mentioned : For 
the higher the particles of Water are raiſed, the more they will be frozen; and 
from the greater height they fall, the more violent will be their deſcent, their 
celerity being conſtantly increaſed in the proportion which Galileo has demon- 
ſtrated. Hence thoſe little Clouds that are ſeen in Aſia in very fine weather, 
and on account of their ſmallneſs are compared to an Ox's eye, when they fall 
from the Sky, come to the ground with a prodigious force, put the Air, that 
is condenſed in that place, in a violent commotion, and thus raiſe Winds, and 
Whirlwinds, and ſometimes produce Storms that exert their force from a center 
equally towards every part of the Horizon, their apparent magnitude, during 
their deſcent, always increaſing in a reciprocal proportion to the ſquares E their 
wk : | diſtances. 
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Theory of the ART: 


diſtances. Does, therefore, the very bright whiteneſs of the Clouds always de- 


pend upon Snow or Ice, that is generated in them? Certainly, Water itſelf 


never appears white when irradiated by the Sun, unleſs it is firſt form'd into 
Froth, Snow, or Ice, or receives the Rays and tranſmits them very obliquely to 
the eye. But again, ſuppoſe this frozen Water to be driven together by the Wind, 
and to be ſo collected into one Body, as to reflect the Solar Rays by that part 
of its Surface that is oppoſed to the Sun; and hence, to heat, rarefy, and put 
in motion the Air that lies betwixt the Sun and this icy Cloud, whilſt at the 
ſame time the action of the Light, and Heat, continually varies on every other 
part of it; ſuppoſe farther, the Globe to be large, pretty ſolid, and not pel- 
lucid, and of conſequence, the Cold on the part averſe to the Sun to be ſo 
much the greater, and the Air there ſo much the denſer: From theſe cauſes, 
then, there muſt neceſſarily follow an extraordinary rotation of this globular 


Body, which will be ſo much the ſwifter, as the Heat of the Sun is ſtronger, 


the denſity of this icy Globe is greater, the Cold on the hinder part is more intenſe, 
and as it falls from a higher very light Air, into a lower one growing gradu- 


ally denſer, and yielding a greater reſiſtance. 


Iam perſuaded, now, Gentlemen, if you will but weigh theſe few things 


with attention, you will never wonder at thoſe terrible ſtorms that often happen, 


when the Weather has been a long time calm and ſerene ; eſpecially, if you 
conſider at the ſame time, what Attrition, what Heat, nay, what Fire, may 
be inſtantly produced, by Bodies falling from aloft through the heavier Air that 
lies underneath them. Theſe conſiderations now lead us to take notice of thoſe 


intolerable Heats that ſuddenly happen in particular parts of the Earth, and 


very ſoon after end in horrible tempeſts; and which upon reflexion, we ſhall find 
to happen generally when the Heavens are full of diſtin, ſcattered Clouds. 


are ſo diſpoſed in the Atmoſphere, as to form reflecting Speculums, and exert 
their united force upon one certain place, which you will grant me may be, nay, 


and often muſt be the caſe, pray what muſt be the conſequence? Why, cer- 


tainly, an incredible Heat will immediately be excited there; the Air will be 


- vaſtly expanded, ſo as ſometimes to occaſion a very large Vacuum; about this 
Vacuum thus heated by ſuch a collection of Fire, the expell'd Clouds, and Air, 


will be agitated in a ſurprizing manner, and with a great noiſe ; whirling 
Portices will be hereby produced; and preſently after, this Focus being deſtroy'd 
by a different fituation of the Clouds, the Air, Snow, Hail, Water, and what- 
ſoever elle is neareſt, will ruſh into theſe Vacuums with prodigious violence. 
And for my own part, I have long been of opinion, that this reflection of the 
Solar Rays from icy Clouds, and their being hence collected into large Foci, are 
the principal cauſes of thoſe terrible Phenomena, which frequently happen in 
ſo violent a manner, as to make human Nature ſhudder, and be almoſt afraid 
of preſent deſtruction. A learned Engliſhman has ingeniouſly demonſtrated 
with what force the common heavy elaſtic Air would ruſh into a perfect Tor- 
ricellian Vacuum, which he proves to be ſo great, that the celerity of the moſt 
rapid Wind, which moves 22 or 23 feet in a ſecond, can by no means be com- 
pared with it, as this would run 1305 feet in the ſame time. Phil. Tranſ 1686, 
N. 184. p. 193. Now, only conſider, what quantities of theſe cloudy Spec#- 


lums may be at once produced in the Heavens; and at the ſame time reflect on 
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For if any quantity of ſnowy, or icy Clouds, eſpecially if they are large ones, 
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Eſpeciall7ß 
when it 


thaws. 
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Elements of CH EMISHRV, Part II. 


their poſſible magnitudes, ſolidities, and ſituations ; and you will eafily fee, thay 
they may be able to form Spaces of ſtupendous efficacy, with regard to the 
Fire that may be generated in them: To which, therefore, Lightning, Fhun- 
der, Whirlwinds, Storms, Winds, and the other Meteors, may owe their produc- 

tion. And hence, perhaps, we may underſtand, why, tho' the Weather is 


exceeding hot, yer, if the Heavens are ſerene, and free from Clouds, theſe 


things are ſeldom obſerved to happen; whereas, when once the Sky grows ob- 
ſcured with Clouds, very extraordinary alterations often immediately follow, 


CoR ol. 4. 

But theſe are never more frequent, or more violent, than when it has been a 
ſharp Froſt for a conſiderable time, and the Earth is grown hard to a pretty 
great depth. For if it then thaws on a ſudden, there generally follows Clouds, 
uncommon Heats, Thunder, and Lightning: And the reaſon ſeems to be 
this: All the Vapours, and pinguious Exhalations, that in warm Weather ariſe 
from the Earth, were, during that time, lock*d up within this hard cruſt, and there 
agitated by a ſubterraneous Heat ; which appears evident from hence, that if 


in the hardeſt Froſt, you break the Ice in the ditches, there immediately ex- 


The Heat 
peculiar to à- 
ny place, 
whence ? 


hale from them warm Vapours, the quantity and warmth of which are ſa 


much the greater, as the Froſt is harder, and the Ice thicker, Now as ſoon 


as ever the upper frozen Glebe comes to be reſolved by the warmth, theſe 
Fumes that were thus confined, inſtantly diſengage themſelves, and being car- 
ricd up into the Air, form ſmaller, and then larger Clouds, which being after- 
wards rolPd up together, and irradiated by the Sun, very ſoon bring on the 
Phenomena we have mentioned, Hence, in Ruſſia, Sweden, and Denmark, ſuch 


exceſſive Thunders generally follow a thaw. It might be added too, that 


the Particles that were exceedingly conſolidated by the Cold, do ſtill excite a very 
great motion of attrition, 


CORkOt. £4 


But let us conſider farther, that the reflexion of the Solar Rays from the 
ground, buildings, and mountains, may be the occaſion that ſome particular 
places, in the ſame poſition to the Sun, may be much hotter than others, 
For it is eaſy to conceive, how all theſe things may either accidentally, or on 
purpoſe, be ſo diſpoſed as to make a very great alteration in the Heat in the 
center of the place. And then beſides, the diverſity of the colours of the Bo- 
dies round about, may, as has been before obſerved, very much increaſe 
the force of this Heat. But we ought particularly to remember, that in 
different ſeaſons of the year, the direction of the rays of the Sun upon 


theſe Bodies, is continually changing in a very remarkable manner, and hence 


the reflexion of them, and the Heat of their Focus, will be increaſed, diminiſh- 
ed, and perpetually varied. From theſe principles then, we may eaſily under- 
ſtand, how it comes to paſs, that ſome places at certain times of the day, or 
year, are ſo different from themſelves with regard to their Heat, Colour, and 
Light, (as it is a common obſervation, that ſome places are hotteſt with the 
morning Sun, and others with the afternoon) for we have nothing to do but 


to have recourſe to the three circumſtances juſt mentioned, and examine them 


with regard to the places under conſideration, And it will then appear, which 
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Theory of the ART. 
is much to our preſent purpoſe, that a greater or leſs degree of Fire, may be 

roduced in any particular place, without any other cauſe than mere reflexion, 
and the collection, and diſperſion of Rays that depend upon it. People general- 
ly imagine, that, ceteris paribus, the Heat is greateſt in places that are level- 
leſt and moſt open; but the contrary is always obſerved to be true: For in calm, 
dry, hot Weather, the Air on large plains is always more temperate, and re- 
freſhing 3 that in the vallies, more ſultry and troubleſome, And hence it 
comes to paſs, that Horſes, and other Cattle, are briſk, and run on the 
plain heaths without being tired, or loſing jtheir Wind; whilſt, at the ſame 


141 


time, they grow languid with the heat in other places. And the reaſon is evi- 


dent; for in theſe level places, there is no Heat but what is owing to the direct 


rays of the Sun, or the reflexion of them from the Clouds alone. Theſe ob- 


ſervations, now, are of great ſervice in helping us to form a right notion of 


Fire, which, otherwiſe, is falſly imagined to be peculiar to ſome particular 


parts of the Earth; to account for which, many extraordinary cauſes have been 
mentioned very difterent from the true nature of Fire, If we examine this affair, 
however, in a proper manner, it will always appear, that Fire conſidered 
abſolutely in itſelf, is equally diffuſed through all Bodies, and every part 
of Space, | 6 


And here let me obſerve, in one word, before I quit this ſubject, that the concluſion 
Meteors in the Air, the Heat on the Earth, and the Effects that are thence pro- concerning 


duced, owe their origin, degrees, changes, and effects, principally, to the va- _— 
rious reflexions of the parallel rays of the Sun, £ 


CoR el. 7. 


But it is a matter of vaſtly nicer inquiry, and would be of extraordinary Ide propor- 
ſervice, could human induſtry and penetration ever arrive at it, to determine Fire collect- 


the true proportion between the quantity of Light falling upon a reflecting. 5 


Body from a given Space, and the ſame when it is collected in the Focus after a, difficult 


reflexion. Suppoſe, for inſtance, the Light contain'd in a circle of 2 feet di- mieter. 


ameter, to fall upon a concave ſpherical Speculum, and to be thence reflected into 
a circular Focus of an inch diameter; we can then eaſily, by the help of Geo- 
metry, find the proportion of the Area of this lucid Circle, to that of the col- 
lecting Focus, ſince theſe are to one another, as the ſquares of their diameters 
and hence the Mathematicians preſently infer, that the incident Light is to 
the reflected, in the ſame Ratio. But whoever examines this affair as a Philo- 
ſopher, will find much greater difficulties in reſolving, this problem, than he is 
at firſt aware of. | 5 i 

For in the firſt place, Gentlemen, how will you be able to determine the Fir, ac we 
proportion of the vacuities or pores in the concave Surface of this Speculum, to dhe know” 
the ſolid parts of it that cauſe this reflex ion? Every thing that has been hither- 1idpart of 
to made uſe of for this purpoſe, has been conſiderably lighter than Iron, and be P 
conſequently, much more porous than Gold; but the ſolidity even of this, 
with reſpect to its magnitude, has never yet been diſcovered. Hence, there- 
fore, we ſee, that it is impoſſible to ſettle this firſt circumſtance ; and yet this is 
abſolutely neceſſary to the ſatisfying our preſent inquiry, Perhaps only a thouſandth 

= 1 part 
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Nor the ex- 
acc figure. 


Elements of CurMIsTR y, Part Il. 


part of the bulk of this Body is perfectly ſolid and impenetrable ; the reſt, 
with regard to the matter of which the Body conſiſts, intirely vacuity or pores. 
How great a quantity of the incident Light then muſt neceſſarily be loſt ? 

But ſappoſe now, which is however by no means the caſe, thatthe matter 
was abſolutely ſolid, by what method will you determine the figure of the 
Speculum ? You imagine, for inſtance, it is ſpherical. How do you know it is 


ſo? Certainly, if it was perfectly ſo, its concave Surface would then appear 


black, except to an eye placed in the Focus, or in the lucid vertical Cone pro- 
duced from the Focus, or a little on the ſides, on account of the diverging 
coloured Rays, according to the elegant doctrine of the incomparable Newton; 
Whereas we find, on the contrary, that its bottom may be ſeen in every obli- 


que poſition. But if this don't ſatisfy you, and you ſtill fancy ſuch an exact 


Nor the ho- : 


mogeneity 
of the mat - 
ei. 


poliſh may be given to Metals, take a concave Speculum that is looked upon to 
be finiſhed in the niceſt manner, and examine it with one of the beſt Microſ- 
copes z and you will ſoon ſee how rough, unequal, and porous that Surface is, 
which you imagined ſo ſmooth and equable; and will be forced to confeſs, 
that there is but a very ſmall part of this Surface that 1s ſimilar, but that the 
figure is every where perfectly irregular. How, chen, can any perſon think it 
poſſible to determine the quantity of the reflected Light from the figure of 
f © | 3 3 * 
But again, ſuppoſing we could get clear of theſe difficulties, there is another 
as conſiderable ſtill behind: For we muſt be certain, whether the matter of this 
cauſtic Speculum is every where perfectly homogeneous, and has, in every point 
of its Surface, the ſame power of equably reflecting the rays of Light; ſince it 
appears by the Newtonian doctrine, that in this reſpect too, there is a vaſt deal 
of difference in different Bodies. It evidently appears, therefore, that we can 


come to no certainty in this inquiry, till this is likewiſe determined. It is poſ- 


ſible, for inſtance, that, in the ſubſtance of which the Speculum is compoſed, there 
may be ſome matter that we are not at preſent acquainted with, which may 
have no power of reflexion at all, and which, conſequently, will ſuffocate and 


extinguiſh the incident lucid Fire, in proportion to the quantity of it that is 


Fourthly, 
becaule the 
force of Fire 


don't depend 


entirely upon 
Xs quantity. 


contained in the reflecting Surface. But, now, tho? we could in theſe three reſ- 
pects certainly demonſtrate the proportion of the power of the Fire in the Fo- 
cus, to that of the parallel Fire that fell upon the Speculum; yet this will re- 
gard only the efficacy of it, as it depends upon the quantity. 

But hence, we ſhall never be able juſtly to determine, what proportion the 
vertue of this focal Fire bears to the fame, when it was directed by the Sun 
through the Circle that meaſures the aperture of the Speculum, and that, for the 
following reaſon, We are not certain, whether the impetus of Fire is always 
proportionable to the number of Particles contained within the ſame Space ; 
and conſequently, whether this rule will always hold good, that a double 
quantity of Fire conſtantly exerts itſelf upon Bodies with a double Force; for 
notwithſtanding this is generally taken for granted, yet there is a great deal 
of room to diſpute it: And tho? it is certain, that a larger quantity of Fire 
in a ſmaller Space, will always be more efficacious ; yet, it ſtill remains mat- 
ter of doubt, whether its active power receives no augmentation, except pure- 
ly f om its quantity, | 

This ſuſpicion is grounded upon the following obſervation, It is evident 

: from 


Theory. of the ART. 

from Experiment, that there are certain Bodies in nature, which whilſt they 
are ſeparate produce no effects, but as ſoon as ever they approach one another 
within a determinate diſtance, immediately excite new motions which did not 
before exiſt, which grow continually greater the nearer they come to one another, 
and ceaſe again in an inſtant, when they are removed ſo far afunder, that their 
reciprocal vertue can exert itſelf no longer. For an inſtance of this, let us take 
two very good Loadſtones : Let one of theſe be at reſt in any particular place, 


and it will always of itſelf continue ſo : Bring, then, another gradually towards 


it, and you will find by gently proceeding the moſt diſtant point in which this 
latter will be able to put in motion, and agitate the former; and as you ſuc- 


ceſſively bring it nearer and nearer, the motion of them both will become 


more remarkable, the power that generates it always increaſing as the diſtance 
between them grows leis, though in a proportion that is not yet determined. 


The great Newton, indeed, for very weighty reaſons ſuſpected it to nearly 


in a reciprocal triplicate ratio of the diſtances. | 

For the diſcovering of this the famous Foby Muſchembroek, Profeſſor in the 
Academy of Utrecht, has taken a vaſt deal of pains, and that with very good 
facceſs. Let us ſuppoſe a number of Loadſtones equally powerful to be ſuſ- 
pended ſo as to be in the ſame a ſpherical ſurface, and ſo near one another 
as to be Juſt ready to feel each other's reciprocal attraction: Let us then ima- 
gine them all to be brought very gently towards the Center of the Sphere, 
and conſequently nearer to one another. Would not they then, if there was 
a hundred of them, be all put immediately into a ſurprizing motion ? Suppoſe 
again, that at a certain diſtance they were all perfectly at reſt; and then 
conceive one Loadſtone ſituated in the Center of the Sphere: certainly, in that 
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As appears: 
by an in- 
ſtance in 


other Bodies: 


very inſtant of time there would ariſe a very extraordinary motion in all the others 


together, not one of them keeping their poſition, though they were all abſolutely 
quiet before. And when theſe, again, began to come towards the Center, 
the motion would grow greater at every diſtance, and be very different from 
what it was Juſt before; ſince the action produced between the attracting, and: 


repelling Poles, would continually vary in every point of approach. The 


ſame thing might be demonſtrated in the Air, and a great many other Bodies, but 


this Example is ſufficient. Suppoſing, now, ſuch a power as this, or perhaps 


a greater, to be implanted in the Elements of Fire; it will, then, be poſſible, 
that the force, which they ſcarcely had at all when aſunder, may be exceed- 
ingly increaſed when they are collected together; and hence the Fire in the 
Focus may be vaſtly more intenſe on account of the nearneſs of its particles, 


than of their number. And, indeed, the truth of this doctrine has been a good 


while certainly confirmed by the following Obſervation. If the Thermometer, in 
an open place, irradiated by the Sun at noon in a cold Winter's day, ſtands at 
the degree 20; and at the ſame time your furnace ſtones inſtantly melt, and 
vitrify in the Focus of Vilett's Speculum; what do you imagine would be the 
conſequence, ſhould the Thermometer be placed in the Axis of the Speculum 
ave inches diſtant from the Focus? In all probability you would expect ſome 
extraordinary effect; and yet by Experiment we find that there is ſcarcely a 


Hear there of 190 degrees. Does it not, then, hence appear evident, that And in Fire 
this vaſt difference of Heat cannot ariſe from condenſation alone, but that i 


there muſt likewiſe ſome new agitation be; excited in the particles them- 


ſclves 
* 
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ſelves from the nearneſs of contact? But ſince we have made it clear, from 
what has formerly been {aid down, that it is the peculiar property of Fire 
to expand both itſelf, and all the Bodies it acts upon; it is poſſible, that 
this quality may be vaſtly increaſed by this collection of the particles of Fire 
into one place: And hence, perhaps, its cauſtic power may in a moment be ſo 
prodigiouſly augmented. He ps f 
Laſtly, be- But laſtly, we are not yet certain whether the power by which the parts of 
cauſe we the Speculum reflect theſe igneous Rays, is as great about the Axis, to which 
the efficacy the Rays fall parallel, as it is in the other parts of the ſurface that are more 
dune ad. diſtant; and hence, till this is aſcertained, we may fairly doubt, whether all 


fem the Rays reflected from the Speculum, and collected in the Focus, meet there 
parts ot the 
Speculum. 


proportionable to the number of the united Rays. 


CoROL. 8. | 
A method of I have taken a great deal of pains to diſcover, if poiſible, a method by which 
roar we, might determine ſomething certain in this point: And at laſt it appeared, 


Rays from all the other parts of the Speculum that are open, will nevertheleſs, 
be conſtantly collected in the Focus without any aberration ; nor does it at all ſig- 
-nify which part of the concave is covered. If we conceive, now, the whole 
aperture to be covered with a circular braſs plate; then nothing will be received, 
nor any thing reflected. But as we can divide this Circle from the Center into as 
many equal parts as we pleaſe, we may by this means exclude, or admit, 
what quantity we have a mind of the rays that fall upon this circular Area, 
And, hence, the proportion of the admitted Rays, to the whole that were 
before received upon this plate, we can determine at pleaſure, Thus, therefore, 
we can collect in the Focus, half, a third, a thouſandth, or any other part of 
the Rays; and then, by comparing the degrees of Heat produced in the 
Focus by theſe different quantities, may be able to diſcover, whether the force 
of the. Fire thus generated, is always in proportion to the number of Rays 
united in the Focus, or depends upon ſome other law. By this method, then, 
all the Rays of Light that fall upon the whole aperture of Vileti's Speculum 
may be divided in any Ratio, in which we can geometrically divide a circle ; 
and the efficacy of the Fires they excite in every proportion may be thus 
examined, 


7 
1 
# 


CoRoL. 9. 


In order to If by proper Experiments, therefore, it was known, what part of this braſs 
evermine Circular plate muſt be open to admit juſt Rays enough to make Water boll 
FI when placed in the Focus; and this aperture ſhould afterwards be very gra- 
dually inlarged till the focal Fire would raiſe the Mercury in the Barometer 

to the degree 424: Then, this degree of Heat would be double the former, 

as far as it diſcovers itſelf by this dilatation of the Mercury, We might, 

then, examine the proportion of this laſt aperture to the former, which pro- 

duced only half as much Heat; and, hence, by comparing the Aree of theſe 
apertures thus diſcovered, and the effects of the cauſtic powers we obſerved 

from each of them, we might at laſt be able to determine, how much of this cab 

— f | depends 


with ſo equal a force, that we may venture to aſſert, that the Fire excited there is 


that if any part of the Speculum is covered with an opake black Body, the 


EI 
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pends upon the quantity of the Rays, and how much on this coarcta 
| them into a ſmaller ſpace, and the reduction of the Elements of Fire 
nearer union. And this, as it would be of very great ſervice in furniſhing us 
with proper materials for a Hiſtory of Fire, ic ſeems plainly to demonſtrate 
that the intenſeneſs of this Fire, 1s not owing only to the .number of the Rays, 


but to their proximity likewiſe, by which the force of the particles of 


tion of 


und 


into a 


Fire is 


continually increaſed : A few Experiments, at leaſt, that have been made with 
this view with concave glaſs Speculums induce us to be intirely of this opinion. 
Thus, then, we have ſufficiently explained the greateſt force of Fire that has 
ever yet been diſcovered ; which, in very cold weather, is produced in one 
ſimple manner by that quantity of ſolar Rays that paſſes through a Circle of 
three feet ſeven inches diameter. Had theſe Rays, now, proceeded on with- 


out meeting with any obſtacle, they would have excited but a ſmall degree of 


Heat in the Air; and if they had conſtantly kept on in the ſame direction 
through an Air growing gradually finer and finer, the Heat cauſed by them 
would have grown leſs and leſs by degrees, till at laſt perhaps it would have 

been diminiſhed to a greater degree of Cold than was ever yet diſcovered. 
Hence, then, we ſee plainly what wrong notions perſons generally have of the 
nature, and action of Fire; ſince it evidently appears, that the difference be- 
twixt the intenſeſt Heat that we are hitherto acquainted with, and the ex- 
tremeſt Cold, is cauſed purely by the action of a reſiſting Body. And, hence 
again, we may almoſt venture to infer, as we did before, that Fire is equally 


diffuſed through all Bodies, and every part of ſpace 3 and that its activity does 


not appear, except when it meets with ſome reſiſtance. As, the aperture, 
now, of the Speculums we have been treating of may be conſtantly increaſed ; 


hence, the ſtrength of the focal Fire may be augmented in infinitum., 


CoRoOL. 10. 


No body has ever yet diſcovered a ſtronger Fire in any place, than that awmwen 
produces the 


which is collected by Vileit's Speculum ; for that which is generated by T/chirn- 
bauſen's burning glaſſes is not ſo great. Hence, the effect of the greateſt Fire 
that we know of, is the turning Flint into Glaſs in a moment, in Vileti's Focus. 
A greater effect than this has never yet been obſerved; for though Lightning. 
has ſometimes inſtantly melted Iron, yet it never has, to my knowledge, vi- 


trified either Stones, or Metals. The vaſt violence, therefore, of the 
this Focus we cannot conſider without wonder, and aſtoniſhment : And 


Fire in 
yet I 


aſſert, that this very ſame effect of vitrification, may be at once produced in 
the coldeſt places, and by the coldeſt Bodies, without the aſſiſtance of any Sun, 
Light, Focus, or combuſtible matter; and, hence, that the ultimate effect 
of the moſt intenſe Fire is always and every where producible, even in the 


darkeſt and coldeſt parts of ſpace. And this is evident ; for if in the 


ſharp- 


eſt Winter-night, you ſtrike a choice Flint againſt a piece of well tempered 
Steel, you may by that means always procure exceeding lucid, vivid ſparks, 
which make a whizzing noiſe as they fly through the Air. Now if you catch 
the Corpuſcles thus ſtruck off, upon a clean paper underneath, you will find 
them to be glaſs Spherules, compoſed either of the melted Flint, or Steel, or 
both together, and formed into this figure by their rotation through the Air. 


Hence, therefore, we are certain, that the force of the Fire generated here, 
* | 


mult 


effect of the 
greateſt Fire. 
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muſt have been ſtrong enough to have reduced theſe exceeding hard Corpuſcles to 
ſuch a fluid ſtate, that they might by this equable rotation through the ſoft 
Air be reduced into theſe ſpherical Bodies, which, upon examination, we find to 
be perfectly of a glaſſy nature. But the turning Stones and Metals into Glaſs; 
is almoſt the greateſt and ultimate effect of the ſtrongeſt Fire; ſo that hence 
it appears, that the action of this momentaneous percuſſion is as efficacious, ag 
that of the moſt violent cauſtic Speculum. If a prodigious large choice Flint, 
therefore, ſhould be ſtruck againſt an exceeding great Body of Steel, what a 
Fire might be inſtantly produced? Thus, then, I have explained a ſecond me- 
thod by which the greateſt degree of Fire may be readily generated; viz. by 
collecting the parallel Rays of the Sun into a very ſmall point by reflexion.. 
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EXPERIMENT XVI. 


The pro If the ſame Fire, thus determined into a Paralleliſm by the Sun, falls upon 


Fire dioptri- à very pellucid glaſs, nicely poliſhed, and perfectly ſpherical, it will be col- 
_—_ lected in a Focus that burns very violently. 
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The truth of this has a long time been diſcovered ; but it never appeared more 

accurately than by the glaſſes of Mr. Tſ{chirnbauyſen in the poſſeſſion of the 

Duke of Orleans, which were made uſe of in the Palace Garden on purpoſe to 

try ſome Experiments concerning the nature of Fire. An hiſtorical account, 

therefore, of this affair can't here be omitted; as it will give us a conſiderable 

light into the properties of Fire, the effects produced by theſe glaſſes being the 

greateſt that were ever produced by any of the fame kind. See Mem. de Þ Ac. 
d. 1609, 90, 2500, 128: 1904 34 i Hh nr 

The nreateſt he biggeſt glaſs is of a circular figure, four feet in diameter, and convex on 

known. both ſides; and if it is directly oppoſed to the Sun in the ſummer time bewirkt 

nine in the morning and three in the afternoon, when the Air is clear, and 

freed from its Water by preceding Rains, it produces a Focus at twelve feet 

diſtance from the glaſs, whoſe Diameter is an inch and a half. This is what 

Mr. Tychirnbauſen made uſe of himſelf. TW | 

If combuſtible Bodies are placed in this Focus they take fire immediately; 

Lead is ſoon melted ; and Bricks are vitrified, if they continue there a good 

while, Now from theſe effects compared with thoſe of Vileit's Speculum we 

may draw the following Corollaries, 
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The cg. The Diameter of the circular aperture of Vileit's Speculum is 43 inches; 
_— M hence, the circumference, 2% inches. J he Diameter of the Circle of Tſchirn- 
Fire cm- Hauſen's Convex, is 48 inches; its circumfcrence, therefore, 2% 4 inches: 
parc Conſequently, the quantity of the incident Rays upon the Circle of T{chirn- 
baufen's glaſs, is to the ſame upon Vilelt's Speculum, as 2304. to 1849; and 
yet the action of Yilette's Speculum is much quicker, and a great deal more 

violent, than that of this glaſs Lens of T/chirnhauſen. 

| CoRroL. 2. | 
The catop- Hence it appears evident, that Catoptrics rightly improved is better ſuited 
trical = t give us the incident Rays in their full force by reflexion, than Dioptrics, 
power” with the utmoſt advantages, is by refraction; and, therefore, that a great 
many Rays are loſt when we endeavour to collect them by diaphanous burning 
glaſles, 5 | 3 Co R OL» 3 


„ ee e; ain; : | 
But how great now, likewiſe, is the difference of their Fi? The Area Becaute it 
of the circular aperture of Vileit's Speculum is 42431 ſquare inches; its . 
Focus 22. ſquare lines. The Area of the Circle of T/chirnhauſen's Lens is cloſely. 
22624 ſquare inches, the Focus of it, 2244 ſquare lines: And, therefore, the 
Focus of the Speculum is to the Focus of the Lens, as 1, is to 9; whence it ap- 
pʒears, again, that the method of generating Fire by reflexion, is more power- 
ful than by refraction. This cauſtic power, therefore, may be carried to a 
| greater height by _ Speculums than by tranſparent Lenss: For an orbi- 
cular Lens of four feet diameter, is almoſt the greateſt. that the Workers in 
Glaſs could ever yet make, on account of the conſtruction of their Furnaces ; 
whereas the formation of Speculums is not as yet, perhaps, arrived to its 
greateſt perfection; though we have no very great reaſon, indeed, to expect 
otherwiſe, For who, that judges juſtly of things, don't refle& with ſome 
| regret, that no Prince ſhould think it worth while to reward the incuſtry 
of theſe conſummate Artiſts in a handſome manner, and encourage them to 
farther Improvements? But this is the hard fate, that the moſt beautiful 
Arts are frequently expoſed to. 


EXPERIMENT XVII. 


The noble T{chirnhauſen, however, not being ſatisfied with the preceding The greteft 
Experiment, began to think of contracting the former Focus into a narrower iel 


compaſs, and by this cloſer union of the Rays rendering its cauſtic power oY 
more intenſe, For this purpoſe, therefore, he made uſe of a ſmaller glaſs 
Lens, the Segment of a leſſer Sphere, which being placed directly parallel to the 
former, received all the Rays that were collected by that larger one, and were 
proceeding on to its Focus, and contracted them into a circular ſpace of only 
eight lines diameter; and conſequently, by this new contraction, reduced theſe 
Rays from an Area of 81 lines ſquare, to one of 16. But though by this 
method he brought them into a nearer union; yet he loſt a great many Rays 
by this ſecond refraction 3 though this, however, did not hinder but that the 
cauſtic power of this latter Focus, was ſtronger than the former. And this 
Vas the ultimate effect of the {kill of the celebrated T/chirbauſen. Thus then, 
Gentlemen, I have endeavoured to explain to you as fairly and clearly as 
poſſibly, the moſt efficacious methods, hitherto diſcovered, of generating Fire 
by the aſſiſtance, both of the catoptrical, and dioptrical Science. I imagine, 
however, that you'll expect as Chemiſts, that I ſhould lay before you the ſur- 
prizing alterations. that Bodies undergo when they are expoſed to the power of 
theſe Glaſſes, for producing of which, you will perceive there is no need of any 
groſs Fire, though theſe effects are much greater than ever were brought about —_ 
by the moſt violent Glaſs-houſe, Docimaſtic, or Metallurgic Furnaces. Nor let | " 
any one take it amiſs, that I relate here thoſe things, that may be found in the 
Memoirs of the Academy of Sciences: Theſe Books are not in every body's | 
hands, and I am at preſent profeſſedly treating of Fire. The chiet, then, are | * 
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as follow. _ | 
1. Moiſt boughs of green trees, or wood ſoaked in Water, held in this Focus, The rie- 
take fire in a moment, and conſume in Flame, Smoke, and Aſhes, 5 
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as Lime, Engliſh. Chalk, and Flint. 
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2. Water contained in a ſmall veſſel, begins to boil in this Focus immediately. 
And I wiſh it had been tried by Fabrenbeit's mercurial Thermometer, whether 


whilſt it boiled in that place it was hotter than uſual ; that thus we might have 
feen whether the intenſe force of this focal Fire, could communicate to boiling 


Water a greater degree of Heat, than any other Fires, in all which it is con- 


ſtantly obſerved to grow equally hot. | | 

3. Thin plates of Metal placed in this Focus, do not melt immediately, but 
gradually, after they are heated to a certain degree. And if they are ſo thick, 
that the force of the Fire can't penetrate quite through the plate, they won't 
very eaſily be melted at all. 5 5 | | 

4. Bricks burnt, or dried in the Sun, Talc itſelf, and other Bodies, grow 
red in a moment, and ſoon after run into Glaſs. 

5. Sulphur, Pitch, and Refin are melted though they lie under Water. 


6. A thin piece of wood covered with Water, and expoſed to the ſtrongeſt 


Focus a good while in ſummer time, ſeems perfectly intire if you look on the 


outward parts of it, but if you break it, it appears burnt within, and turned 
to a coal. Now this very extraordinary Phenomenon ſeems to me evidently to- 
indicate, that this intenſe Fire cannot heat Water beyond a certain degree; 
which being leſs than that which will ſet fire to wood, it prevents the Focus 
from burning the wood in thoſe parts that are contiguous to the Water. 

7. If the ſubſtance to be examined is fixed upon a very black Body, the 
power of the Focus is vaſtly increaſed, | . : 

8. If Metals, or other Bodies, are laid upon charcoal made of green wood, and 
not thoroughly dried, they will be melted in the twinkling of an eye, throw 
out ſparks, and fly off, Lead, and Tin, melt ſooneſt of all, fume, calcine, 
vitrify, and diſappear. | 

9. The Aſhes of all kinds of vegetable are turned to Glaſs immediately. 

10. If a pretty large Maſs is expoſed to this Focus, it frequently happens, 
that this Fire won't put it in fuſion ; but if you reduce the ſame to Powder, 


it generally melts pretty eaſily : If it ſhould ſtill, however, obſtinately reſiſt fu- 


ſion, it may readily be effected by mixing of ſome ſorts of Salt with it. 

11. All Bodies, that are black, and continue ſo in this Focus, ſuffer the great- 
eſt alterations there: Thoſe that are white when they are put into it, and af- 
terwards grow black there, are chang'd with more difficulty, and not under a 
longer time: Thoſe that are black when they are expoſed to this Focus, and 
afterwards grow white in it, reſiſt its force ſtill much more powerfully, eſpe- 
cially if they become white after they are put in fuſion : But thoſe that con- 
tinue perfectly white in this intenſe Heat, undergo the leaſt alteration of all; 

12. All Metals plac'd in this Focus, in a China veſſel that is not glaz'd, vi- 
trify immediately, if you take care to heat the veſſel leiſurely,” that the ſudden 
force of the Fire don't break it, and it is itſelf ſo thick, that it won't be melted. 

13. If the matter to be examin'd by this Fire is placed in a large glaſs Ma- 
traſs, and the Focus is ſo carefully directed, that it ſhall affect this matter, but 
not the Glaſs through which it paſſes, then the Phenomena that are produced 
upon this matter within the Glaſs, will be very ſurprizing. | 

14. Nitre contained in ſuch a veſſel, and ated upon by this Fire, grows 
Perfectly volatile in the leaſt inſtant of time, and then is intirely changed into 

| 3 | a volatile 
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a volatile Spirit of Nitre. This effect now is ſo much the more wonderful, be- 
cauſe Nitre, when it is melted by other Fires, ſcarcely undergoes any altera- 
tion, but runs juſt like Water; and before it can be reduced by Fire into a 
Spirit, it always requires a mixture of ſome earthy Body with it, or an addition 
of true Oil of Vitriol, or its Calx, in which there ſtill remains ſome portion of 
Oil: Here we fee the ſame thing effected without any mixture at all. | 
15. The light of the brighteſt full Moon being collected by this Glaſs, gives 
an exceeding lucid Focus, but not the Jeaſt indication of Heat. | | 
16. It moves, agitates, and drives about almoſt all Bodies, even in vacuo it- 
ſelf, tho' ſometimes not without exceeding great danger. 
From theſe Experiments, then, and a great many more, it appears, that 
this Focus of T/chirnhauſeu is weaker than Vilette's, but that, nevertheleſs, it 
is much better ſuited to the examination of Fire by its effects. 


1 Co RO l. 1. | 
If Water, or pieces of Ice in the Atmoſphere, ſhould by any phyſical cauſes moptreat 
be ſo rolPd up into a globular Cloud, as to form a pellucid Sphere, tho? its __— 
figure continued ever ſo ſhort a time; then, this being irradiated by the Sun, 
might in an inſtant produce a Focus much more violent than T/chirnhauſey's ; 
which would be at the diſtance of a ſemi-diameter of the Sphere on that ſide 
averſe to the Sun: The Air, therefore, would be there vaſtly rarified, and hence, 
> again, muſt ariſe very ſudden and ſurprizing Phænomena. For whoever con- 
> Afiders the perfect tranſparency of Water raiſed into the upper regions, and re- 
flects at the ſame time on the vaſt quantity that often falls in ſhowers in a very 
hort time, will eaſily underſtand from Dioptrics, what muſt be the conſequence, - 
> Afſhouldit be formed into a very large Sphere. If we imagine, again, the Rays 
thus falling upon ſuch a Sphere to paſs through it, and by this means to cauſe 
a vaſt Light and Fire, behind the Sphere, in a line that paſſes through its cen- 
ter and that of the Sun; whilſt at the ſame time there appears nothing but thick 
darkneſs on that part that the Sun ſhines upon: Perhaps, it will not ſeem im- 
probable that this is the caſe, when ſome parts of the Heavens appear terri - 
ble black, and ſoon after break out into prodigious: Thunder and Lightning. 
But this ſpherical figure of theſe Clouds will in a particular manner produce a : 
very conſiderable difference in the Light and Heat of the Spaces intercepted + 
betwixt theſe Spheres and that of the Spheres themſelves : Hence, therefore, 
very ſudden and extraordinary appearances muſt ariſe one moment, and va- 
niſh again the next, from theſe ſwift changes that happen in the Air; which 
in ſome places will be rarefied and ignited, whilſt in others, at the ſame inſtant, - 
it is condenſed and refrigerated. But theſe hints are ſufficient ; if you'll care- - 
fully attend to the Phenomena of Meteors, by means of this principle, of 
yourſelves, you will eaſily underſtand them. 
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| Denen 
On this occaſion, Gentlemen, I can't help reminding you again of what I have 25. 8 
taken notice of elſewhere, viz. that Metals vitrify much ſooner, and more in- and more 
timately by the ſole attrition produced by ſtriking Flint againſt Steel, than by 3 Hoi 
this double Dioptrical Focus, which is the ftrongeſt of this kind, that we are tition than | 
acquainted with. The truth of this is evident: For Yilett's Focus is much mA 8 
powerful 


—— 


6 
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powerful than T/chirnbauſen's z and yet iron is ſooner turn'd into Glaſs by per- 


cuſſion, than it is even by that. Hence, therefore, we ſee plainly, that the 
power of attrition in elaſtic Solids is vaſtly great. 4 


No needof And hence, I infer, that there is no need of any action of the Sun, that we 


any matter are at preſent acquainted with, to produce the ſtrongeſt Fire, that has ever 


from the Sun 


to the moſt diſcovered itſelf by the quickeſt and moſt powerful effect; nor is there any 
intenſe Fire. jnflammable matter neceſſary to put into fuſion, intimately, and in an. inſtant, 


that Metal, which, of all others, is melted with the greateſt difficulty, eſ- 


pecially, if when the Experiment is made, it is exceeding cold, and in a very 

cold place: Nor for this purpoſe do we ſtand in need of any melting Furnace, 
or ſo much as a veſſel to contain it. All which paradoxes are plainly con- 
firmed by this common way of ſtriking Fire. 


| Co ROI. 4. | 
Perhaps the I have been a great while in doubt, whether I ſhould venture to publiſh an opi- 
Sate Non; which I have long revolved over and over in my own mind; in dependance, 
Fires however, upon your candour, Il take the liberty to do it. It ſeems probable 
then, that the Sun does not in reality emit any igneous matter, to which we can 
aſcribe any of the actions of Fire that fall under our obſervation 3 but that it 
has only a power of determining the pre-exiſtent Fire into parallel right lines, 
without making the leaſt addition: And hence, that the very ſame quantity of 
Fire being, after it has obtained this direction, collected, either by reflexion, 
or refraction, produces all the effects by this union of the Rays that were before 
diſperſed, and the new power which they gain in conſequence of it. But before 
I proceed, give me leave, by an eaſy Example, to illuſtrate this affair, which it 


is poſſible, to perſons that are prejudiced againſt this opinion, may appear 
ſomething obſcure, Let us take, then, a hollow braſs Cube, whoſe ſides are 


three feet ſquare; three of which ſuppoſe cloſe, and the other open: Let the open 
ſide of this Cube be turned directly to the Sun, but be covered with a white 
paper; and in its cavity let there be placed one of Fahbrenheit's Thermometers, 
made with Spirit that's very eaſily affected with the leaſt degree of Heat. So 
Jong, then, as the Paper hinders the Sun from ſhining into the Cube, ſo long 
will there be a great degree of Cold there, if the ſeaſon at that time is very cold. 
Let the Paper, now, be at once taken away, and that very moment the whole 
cavity of the Cube will be irradiated by the Sun, and the meaſure of the in- 
creaſed Heat will be determined by the Thermometer that's fix'd there. The 
Philoſophers, now aſſert, that the Fire that produces this new Heat, is emitted 
from the Body of the Sun with an inconceivable velocity. On the other hand, 
it ſeems probable to me, that the Sun does no more now, than it did before, 
and indeed, than it always does, and that is, it determines what we call Fire 
into right lines, when it meets with no opake Body to intercept its power : 


And hence, that the Fire in this Cube remains exactly the ſame that it was be- 


fore, and has only received a new rectilineal direction towards that ſide of the 
Cube that is oppoſite to the open one; whereas the Fire, whilſt the Cavity was 
cover'd with the Paper, exerted its force equally upon all ſix. In this manner, 
chen, I imagine the Sun equably heats this whole Space, this ſide in ee 
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and cauſes this difference in the Thermomer, purely by this determination, 
without the leaſt addition of any new matter. But again, ſuppoſe Yilette's Spe- 
culum to be directed to the meridian Sun, but to be' cover'd with a very white 
linnen Cloth; then, there will be no more Fire or Heat in the Cavity betwixt 
this covering and the Speculum, than there is any where elſe. Now remove 
this Vail, and in an inſtant the Fire that was in the cavity of the Speculum, 
and tended every way equally, is driven in parallel lines upon its concave Sur- 
face, and thence being reflected into the Focus, produces a moſt violent Fire 
there, which, in reality, did not proceed from the Sun: Nor is there, indeed, 


either more or leſs Fire than before, but only it is determined in a different 


manner. In a refracting Lens too the caſe is exactly the ſame. Hence, then, 
neither the Fire excited by attrition, or produced by this Speculum, or Lens, 
would upon this ſuppoſition depend at all upon the Sun with regard to its matter, 


N Con ot. 5. 
What now is the greateſt degree of Fire that human ſkill, and induſtry, can 4 phyſical | 


manner of 


at preſent produce? Why, from what has been laid down, it plainly appears, producing 


that it would be in that place where the Focus of Viletie, and the ſtrongeſt of on greateſt· 
Tebernbauſen ſhould be made to meet together in an oppoſite direction, and“ 
coincide. For ſince the Focus of the Speculum is in the open Air, and in 

a point of its Axis three feet and a half diſtant from its Veriex; hence, this 
Apparatus of Tſchirnhauſen may be ſo placed between the Speculum and the Sun, 

in the Axis of both of them, that this dioptrical Focus ſhall exactly unite with 
the former catoptrical one, and that without at all preventing the Solar Rays 
from falling upon the Speculum. In this. place of concourſe then will be found 

the moſt intenſe Fire, that human art at preſent is capable of exciting. I con- 
feſs, indeed, that the force of-this vaſt Fire can't conveniently be directed up- 

on any Bodies placed in the Focus, for more than. a moment; fince as ſoon as 
ever they are melted, they will drop out of it: The greateſt poſſible Fire, how- 
ever, 1s thus determined, If, then, it is no ways repugnant to nature, that 
the globular and concave Clouds of Ice may have their Foci united together in 


the manner juſt mentioned, what prodigious effects may thence be produced? 


COR Ol. 6. | 
Suppoſe, now, this greateſt Fire to be really excited in the place deſcribed ; Which cn- 


it will then continue there ſo long as the Axis of the Sun, dioptrical- Glaſſes, „bie wih. 
and Speculum, remain in the ſame right line, and the diſtance between the Spe- out any Fa- 
culum and the Glaſſes is not altered. And, hence, if theſe inſtruments could be?“ 
kept in the ſame ſituation, and at the ſame time be contrived to move in 
ſuch a manner, as to be always directly oppoſed to the Sun; then this immenſe 
Fire might, in a clear Summer's day, be kept up from nine o'clock in the 
morning to three in the afternoon; nor would it, during all that time, want 
the leaſt Pabulum to ſupport it, but would perſiſt in the ſame manner as it was 
produced. Thus, then, we form an Idea of the greateſt Fire, very different 


from what any body ever had before: For from the laws of Nature thus diſ- 


covered, we ſee it is poſſible that Fire and Light, of a determined power and 
magnitude, may exiſt, and continue in any place of the univerſe without the 
leaſt Pabulum to ſuſtain it. | a 


Co ROL. 
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4 43665 Co RO. 7. 
And in- And what is principally ſurprizing in this Fire, is this, that the very inſtant 
dane that its cauſe begins to act, it immediately exerts itſelf with its full force, and 
force. with as great a degree of violence, as it ever acquires afterwards: Except, 


perhaps, you may look upon it as ſtill more wonderful, that upon covering the 
Speculum, there don't remain in the Focus the leaſt phyſical ſigns of that Fire 
which exiſted there, and acted with immenſe power but the moment before; 
nay, on the contrary, the Light, Heat, expulſion of the Air, and every other 
effect, diſappear at once, without leaving any marks behind. Who could have 
believed theſe things? May, therefore, the brighteſt Light, and the ſtrongeſt 
Fire in the Univerſe, be generated, and deſtroy'd again, in an inſtant? But 
the Fire now in the Focus thus deſcribed is not viſibly bright, except in the 
Axis of the Sun and the Speculum; on the ſides there is no Light to be ſeen 
at all; and, hence, it gives no indication of its preſence by any lucid appear- 
ance, except to an eye placed in this Axis, where the immenſe brightneſs con- 
founds and deſtroys the ſight in a moment. 


Co RO l. 8. 
A newpo- Now, whilſt I examine theſe things carefully, I think I diſcover a farther 


ee Confirmation of that ſurprizing phyſical property of Fire, by which when it 
nature ef is left to itſelf, it conſtantly, like the Radii of a Sphere, expands and dif- 
Fire. fuſes itſelf uniformly and equably from the center of its magnitude. Since, 
therefore, this Fire exiſts every where alike, its power, of conſequence, will 

be every where in equilibrio, and, hence, will ſo long produce no ſenſible ef- 

fects 3 but as ſoon as ever this equilibrium is by any means deſtroy'd, then, im- 
mediately it may appear by its operation to be infinitely powerful, In which 

caſes, perhaps, we ſhall be miſtaken, if we imagine, that any new fire is pro- 


duced, or that there is any increaſe in the power of that which exiſted before. 


 ExPpxzrIMENT XVIII. 


Fire may be True Fire may be united with every ſolid Body on which trial has hitherto 

united with bꝛen made; and when it is once communicated to it, it will adhere to it a con- 

Bed r fiderable time; and therefore, does not inftantly diſappear in Bodies, as it 
time. does in the Foci we have been juſt treating of. 

For if we commit any of theſe Bodies to a pure ſtrong Fire of any ſort, 

we find that they may be heated ſo as to ſhine, grow refulgent, and melt. 

This, the Experiments of Ychirnbauſen, Homberg, Hartſoeter, and others evince; 

as likewiſe, thoſe of your Smiths, Cooks, and all others that are converſant 

about Fires; as well as thoſe which the Earth itſelf irradiated by the Sun of- 

fers to our Obſervation: In all which the ſame thing is found to hold good by 

every kind of Experiment. And this, the trial upon all fixed Earths, all kinds 

of Stones, Gemms, rocky Subſtances, Glaſs, fixed Salts, Wood, ſolid Foſſils, 

and Metals, confirm the truth of. And hence the great Newton very juſtly 

obſerves, that if Water itſelf could be converted into Earth, it might be ſo 

impregnated with Fire as to become lucid. Now there is nothing in this affair 

that deſerves more to be taken notice of than this, that there muſt be ſome 

Cauſe, by which the Fire is connected to thele Bodies during this time, DINE: 

: | the 
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che Fire itſelf. This is plain; for in ilette's Focus, that intenſe Fire is deſtroy'd 
the very moment that the rallel irradiation ceaſes, Fire, therefore, in that 


place, does not hold together and detain Fire : On the contrary, all thoſe 
Fires now fly aſunder, and leave one another, which the inſtant before were ſo 


cloſely united together. But now, if an iron Ball, whoſe great Circle, ſuppoſe 
ual to the Circle of the Focus, had been held there fo long till it was quite 


hot through; then, the Fire of this Focus being affociated with the matter of 


the Ball, would be detain'd in it a conſiderable time, and thus this focal Fire, 


which would otherwiſe have vaniſhed in a moment, will, now it is received 
within this body, remain united to it a long while, and be ſecured from this 
inſtantaneous extinction. What now is properly the cauſe of this effect? Bo- 
dy. By what means does it thus retain Fire? By its corporeal Maſs. Was 


there, therefore, no other corporeal ſubſtance in this Focus but Fire, the Air 
itſelf being expelled by the force of it? And did the Fire, therefore, vaniſh ſo 


ſuddenly, becauſe there was no other Body to ſecure and detain it? Do 
the particles of Fire, then, when colle&ed together, immediately reſtore them- 


ſelves to their former equilibrium, if they are not kept together by ſome denſe 


Body? And, hence, is there no mutual attraction between the elements of Fire? 
Or don't they, rather, repell, and fly from one another ? 


EXPERIMENT XIX. 5 


When this pure elementary Fire is thus communicated to Bodies, it diſco- 
vers itſelf to be real Fire by a true phyſical effect, which it produces all around 
them from every point of their ſurface, ſo long as it remains in them. 

In this caſe, certainly, we obſerve the principal mark by which the Ther- 
mometer demonſtrates that Fire is actually preſent: For if, as you ſee, I hold 
this Thermometer at a certain diſtance from this red hot Iron, you perceive 
the Spirit inſtantly rarefies in the Tube, and ſo much the more, the nearer I 
bring it; and again, you obſerve it is condenſed, as I remove it back again. 
Nor does it at all ſignify on which fide of the Iron I hold it, if I take care to 
keep it always at the ſame diſtance. This Fire, -therefore, that now reſides in 


the Iron, and acts upon the Thermometer, is, in reality, the very ſame as the 


former; but it now perſiſts in this place without any attrition, or paralleliſm, 
and produces the very ſame effects there, as elementary Fire does. Obſerve, 


now, this Brimſtone Match ; as I bring it very gradually from ſome diſtance 


towards this red hot Iron, you ſee it begins to ſmoke, melt, ſparkle, ſhine, 
and kindle into a Flame. But, again, pray take particular notice of this ſur- 


And that 
very puree 


prizing Experiment that follows. This ſmall Vial in my hand, contains ſome | 


very pure Alcohol; a little of which I'll pour very gently and cautiouſly upon 


| this red hot Iron. What do you imagine, then, will be the conſequence ? That 


it will take fire? to be ſure no body doubts it. But the caſe is far otherwiſe. 
For obſerve, as ſoon as ever it falls into the hollow of the Iron, it forms itſelf, 
like Mercury, into a globular figure, and runs up and down in that manner, 


without the leaſt appearance of any Flame; and yet you ſee the moment it 


comes to the colder part of the ſame Iron, it is then in an inſtant diſſipated 
into the Air; tho? then too, without flaming. What now, Gentlemen, ſhould 
be the cauſe of this? Sulphur, Gunpowder, Wood, and other Bodies, when 
apply'd to this Iron, flame immediately 28 yet Alcohol, which being * 

* 
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ly heated, fires ſooner than almoſt any thing, is able to bear the Heat of the 
ſame Iron, without taking fire. The ſolution or this Paradox is worthy your 
penetration, | | 


 _ExPERIMENT XX. 
Withoutany Since, therefore, it is certain, that this Fire may be thus detained in a ſolid 


_—_ Body, and that, during fo long a time, and in ſuch a degree; it is our princi- 
pal buſineſs to enquire, of what kind this Fire is, which in this manner remains 


there: And as weight in particular is one of the chief, and moſt general pro- 


\ Perties of Bodies, I have taken pains to examine whether this Fire does in rea- 


lity add to fixed Bodies any weight that our ſenſes are capable of diſcerning. 

As appears To this purpoſe, then, I made choice of a Body, that would bear a ſtron 
v7 an Exee- Fire without loſing any thing of its weight; and at the ſame time, ſhould be 
upon Iron able to receive a large quantity of Fire into it, and preſerve it there a conſi- 
lune. derable time: And I made uſe of a very accurate ballance, that moved very 
eaſily upon its Axis. Obſerve then, this parallelipiped, made of the beſt ſort 
of Iron, which weighs 5 pounds, 8 ounces, Amſterdam weight, now it is cold. 
PII put this, as you ſee, into this large Fire, which ſhall be blown till the 
Iron is perfectly red hot all over: Thus bright, then, as it is now it is taken 
out, when I have ſtruck off the duſt, I'll put it into one ſcale, and at the 
fame time put weights in the other, till there is a perfect equilibrium. You ob- 
ſerve now the beam is perfectly at reſt, and upon examination, you find, that 
the weights in the ſcale make exactly 5 pounds, 8 ounces. Pll leave it now 
in the ſcale till it is quite cold, and the equilibrium will ſtill be maintained : For 
after letting it alone thus for twenty-four hours, I have found, that even in this 
large Maſs, there was not the leaſt difference in the weight of the Iron when ic 
* of Braſs; and the event was exactly the ſame. It is neceſſary, however, to 
give you this caution, that in making theſe Experiments, the heated Body 
tfometimes ſeems to be lighter than it was when it was cold; and this happens 
when the ſcales are faſtened to the beam with ropes, or any thing of that kind, 
that is capable of admitting moiſt ure into it; for when the Metal is put in- 
to the ſcale, the heat of it makes the moiſture evaporate, and by this means 
the ſtrings on that ſide grow lighter than they were before. On this account, 


therefore, we muſt always, for this purpoſe, make uſe of chains made of 


Metal. 8 


Co Kor. 1. 

Fire is free The Fire, therefore, thus adhering to a heated Body, diffuſes itſelf all around 

Bach heatel. juſt in the manner of an Atmoſphere: For from every point of the Body it 
exerts its force to a conſiderable diſtance, and thus produces thoſe true phyſi- 
cal effects that are peculiar to Fire: and thefe are found always to be the great- 
eſt, the nearer you approach to the heated Body. If a Globe, therefore, was 
thus heated, it would form a Sphere of Heat round it, whoſe center would be 
hotteſt of all. | | Fr of | | 


.Condol. 2.) 


And, hence, we underſtand, that there is great quantity of true Fire Ne a 
| | . Body; 


= 


Another up- was red hot, and after it grew cold. I made the ſame trial with a large ſolid piece 


- 
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Body; and that it continues there for a very conſiderable time. For if we con- Greate in 
fider, that round ſuch a Ball of Iron or Braſs, there is a great degree of Heat and decreats 
on every ſide to a conſiderable diſtance, as appears by its proper effects; and e 
at the ſame time reflect, that during the continuance of this Heat, it muſt be 
conſtantly diminiſhed by the cold of the ambient Air: We ſhall then eaſily ſee, 

that the quantity of Fire in this heated Ball muſt at firſt have been exceedin 

great. And, hence, the greateſt quantity of Fire muſt be in the Body itſelf, 

with reſpect to the ſurrounding Air that is heated by it. And again, if ſuch a 

Sphere is kept in the Fire ſo long till it is perfectly red hot quite through; 

then, in its center the Heat will be moſt condenſed, and greateſt of all: The 

truth of which is confirmed by all its effects. | | and: 


„ A» = 
5 But from this center towards the ſurface, the Fire grows gradually weaker 85 that at 
and weaker ; for its ſurface that is contiguous to the Air, will firſt be affect- lat it comes 
FL ed with the coldneſs of that, and, hence, will firſt grow cold. And this is 2 . 
= equally true of the Atmoſphere of Air that ſurrounds the Sphere, for thoſe ture. | 
Orbs which are neareſt it, will be hotteſt, and thence grow ſucceſſively cooler, 
; till they come to that which determines the boundaries of the Heat, and is itfelf - 
as cool as the ambient Air. Hence, again, we are certain, that in this whole 
heated Sphere, the center expands itſelf every way with the greateſt violence. 
| This is the nature of Fire, which is here greateſt in the center. But the con- ta heated 
= tiguous Orb will be leſs expanded, and therefore will confine the expanſion of Sh<encon- 
= the center, and in ſome meaſure repel! it; for this Orb is not quite fo hot, ofcilation- 
that is, it is a little leſs expanded, or a little more contracted. And, ſince this 
ſame expanſion and repulſion will hold true in all the Orbs that compoſe this 
whole heated Atmoſphere ; hence it appears, that ſo long as the Heat, commu- 
nicated to the Sphere, continues greater than that of the common Air, ſo long 
there will be a continual dilatation and repercuſſion throughout the whole 
= ophere, as well inthe ſolid Maſs itſelf, as the Air that is heated round about it. 
And this vibration, conſidering the violence of the Fire, muſt of neceſſity be 
very great. Does therefore the vibration and repercuſſion in this caſe agitate 

the particles one amongſt another? And is there by this means new Fire exci- 


ted, wo have explained already in the firſt manner of generating Fire by at- 
trition! 


8 N COR Ol. 4. | 

It were here much to be wiſhed, that we could find a way of determining The mea- 
the proportional quantity of Fire, that is contained in ſuch a Body, with re- Some 
card to Its very ſubſtance! But this is not ſo eaſy to accompliſh as people gene- Nis Fire 
rally imagine: For tho' we are able to diſcover the force of the Fire by its ſen- . 
ſible effects; yet we cannot from its force make a certain judgment of its quan- 
tity; and for this reaſon in particular, becauſe we don't yet know how much 
Aus power may be increaſed, purely from the near approach of its Elements. 
So long, therefore, as we are ignorant what proportion the power that depends 
upon this condenfation of Fire, bears to that which ariſes from its quantity, ſo 
long we can't pretend to make uſe of the effects of Fire, as a certain meaſure to 

gh X 2 ly determine 
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determine its quantity. Theſe niceties may to ſome perſons ſeem unneceſſary; 
but a great deal of caution will never do any harm in phyſical inquiries. 


CoR ol. 5. 


This Fire This Fire, however, tho' it thus continues in a heated Body, does not ſeem 
does not aan, to be concreted with it into one corporeal Maſs; for notwithſtanding the Body 


creted Maſs Brown bigger than it was before, yet it don't become at all heavier ; unleſs you 
wit 


1 without making any addition to its weight. This, in the mean time, we are 


abſolutely certain of, that the Body is conſtantly extended in its bulk, ſo long 
as the Fire remains in it. Sa to 


CoROL. 6. 


Nor renden Nor does the Fire at all leſſen the weight of the Body, whilſt it is in it, 
KB; and the Cold reſtore it again: For the contrary is always found true by Ex- 
periment. . 2 e 


Co Rol. 7. 


Fora to Henee, therefore, we may conceive of the Fire, in a red hot Globe of Iron, 
— any for inſtance, as a Fluid, diſperſed, both through the Body itſelf, and all round 
akeration- about it, whoſe Particles are mov'd every way freely, and without any parti- 
cular tendency : For if you: ſuppoſe any determination of them. one way more 
than another, it ſeems neceſſarily to follow, that the Maſs, when it 15 thus 


heated, muſt be either heavier, or lighter,, than it was. before. 


Ig CoRroL. 8, | 
The cauſe of There muſt, therefore, be ſome cauſe, by which the Fire is during all this 
Aeg af Fir time detained in the heated Body, and which prevents its being diſperſed again, 
in ay Body, as ſoon as ever it is produc'd. For the Fire in the Focus of Vilette, or T/chirn- 
Hbauſen, is as ſtrong, nay ſtronger, than this in this iron Globe; and yet we ſee 
that that vaniſhes in an inſtant, if it is not every moment renew'd in the ſame 

place. Hence, therefore, Fire is not able to keep poſſeſſion of the place it ex- 


iſts in, but muſt be retain'd. there by ſomewhat of a quite different nature. 


CoroL. 9. 


Firſt te Let us examine now this affair ever ſo nicely, we find nothing here that can 


Mak ikel effect this but the Body itſelf, conſidered as it ſtands in oppoſition to Space, 


viz. as it is ſomewhat reſiſting and impenetrable, or, as it is a real corporeal Maſs: 
For it appears by Experiment, that if. Fire is communicated by the ſame: 


cauſe to Bodies of different denſities, they will indeed acquire exactly the ſame 
degree of Heat; but then it will afterwards be retained in them ſo much the 
longer, as they are denſer, heavier, or contain a greater quantity of matter un- 
der the ſame bulk. If you immerge, for inſtance, bodies of different ſpecific 


Gravities in boiling. Water, and keep them there till they are equally hot; 


then thoſe that are very heavy, will keep hot for a conſiderable time, whereas 


the light ones will grow cold immediately. And as far as we have been hither- 


to able to judge by Experiment, this ſeems to be almoſt a general rule: Tor- 
ricellius's Vacuum loſs the Heat generated. there inſtantaneouſly ;. Air heated in 


a veſſel, 


* 


will ſuppoſe, that the Fire may be concreted with it, ſo as to increaſe its bulk, 


1 


63 + 
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a veſſel, very quickly; Alcohol ſtill lower 5 Water retains its Heat yet longer 
than Alcohol ; and Mercury longeſt of all. In the ſame manner among Solids ; 
Wood, Stones, Metals, if they are made equally hot, are exactly ſo much the 
longer before they grow cold, as they are denſer than one another. 

But again, a greater degree of Fire is longer diſengaging itſelf from Bodies Secondy, 
to which it is united, than a leſs: So that it ſeems to hold almoſt generally 1 
true, that the greater the degree of Heat is, that is communicated to the 
ſame Body, or the more it is expanded by the force of the Fire till it begins to be 
melted, pl much the longer will it always be, before it grows cold: For if 
you take two Bodies, that are perfectly alike, and give them different degrees 
of Heat; then the hotteſt, after it has loſt the ſurplus of Heat by which it 
exceeded the cooler, will ſtill remain as hot as the other was at firſt, and con- 
ſequently will then require as much time to grow cold in as that did. But it 
ſtill remains nicely to be examined, whether there is not ſome other cauſe, be- 
ſides the denſity of Bodies, and the degree of Heat, that is capable of pre- 
ſerving Fire for a conſiderable time, when once it is generated ? If Water, 
for inſtance, and Oil, ſhould be heated to the ſame degree, ſuppoſing 
the Oil lighter than the Water, which of theſe two would grow coldeſt with- 
in the ſame time ? Why, certainly, the Philoſophers would generally imagine, that 
the Fire being intangled by the tenacity of the Oil would remain longer there, 
than it would in the Water. To determine this, therefore, I took two veſſels of 
the ſame ſize, one of which I filled with Water, and the other with Oil of 
| Olives. Theſe I put into boiling. Water, and kept them there till I was ſure, 
that both of them had acquired the ſame degree of Heat with the Water which 
was kept continually boiling. I then took them out, and placed them both 
in the ſame Air, in order to. diſcover the time in which they would be reduced 
to the ſame temperature with it, and I found it to be exactly in proportion to: 
their comparative weights. | 

There ſeems, in the mean time, to be ſome very. abſtruſe cauſe, why Fire 
itſelf, nay a very ſtrong one too, is not able to heat Bodies beyond a certain 
degree; as we ſee in Water, Alcohol, Oil, and Mercury, when they are once 
made to boil. As. ebullition,. however, does not happen equally ſoon in all, 

hence lighter liquors. are very often capable of receiving a greater degree of ß 
Heat than heavier, if they take up a longer time before they boil. ater, of which' a 


for inſtance, is heavier than Oil of Linſeed; boiling Water has 213 degrees greater may: 


of Heat 1n it, and can, then, with the ſtrongeſt Fire be made no hotter : 'This Doro pe 

Oil, which is ſo much lighter, requires a greater Fire, and is longer before it my oo 

boils, and has then acquired almoſt 6ao degrees. Who, now, is able to ac- wands coed 

count for this? Mercury, we ſee, which is 15. times heavier than this Oil, 

arrives only to juſt the ſame degree of Heat when it is made to boil. Hence, 
however, it appears evident, that there is ſomething elſe beſides the corporeal 

maſs, that makes ſome Bodies ſuſceptible of a certain quantity of Fire only; 

whilſt others are capable of receiving a great deal more. The true cauſe of 

this, perhaps, no body is able to aſſign. _ 


From theſe conſiderations, however, we ſee plainly the reaſon, why. Fire why. a 


that is raiſed by combuſtible matter, may be extinguiſhed by Water; for by Water er- 
this means it is incompaſſed with a leſs degree of Heat than is neceſſary. to fer — 
theſe combuſt ibles on fire, which is always greater than 213, 8 
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Tin from 
melting. 


Heat pre- 
ſently diſap- 
pears upon 
the applica- 
tion of a 
denſe cold 
Fluid. 
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And for the ſame reaſon, a ſtrong Fire won't melt a tin veſſel when it is full 
of Water: For this requires a greater degree of Heat to put it in fuſion than 
that of boiling Water, which is all it can receive ſo long as the Water remains 
in it. But ſet, now, this ſame veſſel on a Fire with Oil in it, and you will 
find it will ſoon be melted before the Oil begins to boil. The ſame thing is 
true, too, of Lead if you put it on the Fire with Water inſit. From a care- 
ful examination of all theſe circumſtances it ſeems probable, that when the 
Fire has ſo diſpoſed Bodies, that it can paſs, and exert itſelf equably through 
their Pores, then, no more Fire can be united with them, than what 1s aCtually 
in them at that time; and this ſeems to be the caſe in Fluids as ſoon as ever 
they begin to boil ; in Solids, when the force of the Fire has perfectly melted 
them, ſo as to make them run in the form of a ſparkling, or boiling Fluid, 
which we find happen in Metals, Glaſs, Salts, and other Bodies thus put in 
fuſion, . | 9880 | 
By the help, then, of theſe uſeful Obſervations, we learn at laſt, that there is 
in reality ſome nexus, or connexion between Fire, and Bodies: That the greater 
it is the longer it adheres to them: That the ſame degree of Fire remains 
longeſt, in thoſe that are denſeſt: That a greater quantity of Fire may be 
united with ſome certain Bodies, oily ones in particular, than other: That theſe 
require a ſtronger Fire, and a longer time to acquire this greater degree of heat: 
That the denſer bodies are, the longer they are before they grow actually hot 
with rarer Bodies, when they are expoſed to the ſame degree of Heat: And 
that when they are heated they require ſo much the longer time to be reduced 
to the ſame temperature with theſe rarer, which grow cold ſooner. Now who- 
ever rightly conſiders theſe things will underſtand a great many of Nature's 
laws with regard to the properties of Fire, which are confirmed by Obſerva- 
tion, and if carefully attended to, will be of excellent ſervice in our Philoſo- 
cal Inquiries. And it is my opinion, if this doctrine ſhould be ſtill farther im- 
proved, we may at laſt from Experiment be able to ſolve the following Pro- 
blems: To fill a given Space with ſuch a Body, as cannot be heated by the greateſt 
Fire beyond a determined degree: And again, To fill a given ſpace with ſuch a Body, 
as ſhall be able to retain in it the greateſt poſſible Fire. Is not Iron, which is fuſed 
with mare difficulty than Gold, hotter when it is in fuſion than melted Gold, 
though that is denier? The thing is worth inquiring into. 


CoROL. 10. 


But whilſt we are engaged upon this head, there is another Phenomenon, 
that offers itſelf to our Obſervation, viz. that when Bodies have a greater 
quantity of Fire in them than the ambient Fluids, or neighbouring Bodies, 


then, the denſer the Fluid is into which they are immerſed in order to be 
cooled, the ſooner will they loſe their Heat. My meaning is this, Take 


three veſſels, one full of Air, another of Water, and a third of Mercury, 
when they are all three exactly of the ſame temperature: And let three equal 
pieces of iron be made perfectly red hot. Let, then, the degree of Heat in 
the Air be obſcrved, and let one of the pieces be left in that; let the other be 
immerſed in the Water, which is exactly as cold as the Air at that time; and let 
the third be thruſt into the Mercury, of the ſame temperature, too, as the 
former: What ten will be the conſequence ? In the rare Air the Iron will 


4 | | keep 


* 
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1 keep its Heat a long time; in the Water it will loſe it ſooner; but ſooneſt of 
all in the Mercury. And, indeed, it ſeems to grow cold ſo much ſooner in 
the Water than in the Air, as the Water is denſer than the Air, that is, 800 

times. And that in the Mercury, perhaps, 14 times ſooner than that in the Water, 

And this, your Workers in Metals are well acquainted with, who, when 

they would ſoften their Metal for particular uſes, make it perfectly red hot in 
the ſummer time, and then leave it in the Fire which will gradually moulder 
away to Aſhes, and thus let them all grow cold together : But on the other 

hand, when they want it hard. for other purpoſes, they chuſe the Winter for 

this work, and inſtantly throw it into the coldeſt Water they can get. | 

Thus then: we fee there are two cauſes that haſten the cooling of Bodies h _ .. * 

when they are heated; viz. the Coldneſs, and Denſity, of the Fluid into re 
which they are immerſed. But there is yet a third which promotes the ſame rer cla. 
end, and that is, the moving the hot Body about in the cold Fluid; which is 

the moſt expeditious way of cooling it; for by this means it is continually ex- 

poſed to ſome new cold part of the Fluid. Hence, then, we ſee the phyſical 

reaſon of that method which is made uſe of, when we would render Iron as hard as 

poſſible, viz. the drawing it ſwiftly through very cold Water when it is juſt 

ready to melt, ſo that it may be perfectly cooled in an inſtant: For by this 

means the Elements of the Iron, which were vaſtly relaxed, and ſoftned by 

the Fire, are now intimately united, condenſed, and compreſſed together by 

this ſudden Cold that is on every ſide applied to them; and, hence, after they 

grow cold they remain moſt cloſely compacted together, and exceeding hard, 

though at the ſame time very brittle. | 


"a  COROL- 27. | 
Whence, then, does it come to paſs, that the denſer Fluid ſhould fo ſoon cool wy « 
the hot Body that is put into it? Before this was immerſed, the Fluids were all cent <p 
equally cold, and conſequently, one's cooling the hot Body ſooner than the "996 
other cannot proceed from any difference in their coldneſs. Does the denſer mat- 
ter, therefore, of the cold Fluid attract more Fire out of the hot Body, and that, 
in proportion to its denſity ? For the determining this queſtion we muſt again 
have recourſe to Experiments. To this purpoſe, then, take two equal quan- 
tities of the ſame Fluid (Vinegar, for inſtance, Water, Alcohol, or Oil) and give 
them different degrees of Heat; and you will find if you put them together 
at once, and mix them intimately with one another, they will acquire a degree 
of Heat, which will be half the exceſs of the hotter above the cooler. For The eh 
example, If a pint of boiling Water 212 degrees hot, is mixed in this manner 2 - 
with a, pint of the ſame Fluid, that has but 32 degrees of Heat, then this Fluid. 
Mixture will have 90 degrees, which is half 180, the difference betwixt 212, 
and 32. Hence it appears, that this diſtribution of the Fire is in proportion 
to the bulk; and that, therefore, when Bodies of the ſame nature are mixed 
together, the one hot, and the other cold, the Fire immediately diſengages it- 
ſelf from its contact with the Elements of the former, and unites itſelf with 
thoſe of the latter, till this becomes as hot as the other. This, then, being 
conſtantly the caſe, we ſee that the common degree of Heat is deſtroyed, and 
the difference is then equally diftributed through them both. But, now, if 
this Experiment is made with Mercury, and Water, exactly of the ſame 
meaſure, but different degrees of Heat, and theſe are in the ſame 1 1 80 
| | Iwliltly, 
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ſwiftly mixed together; then the Heat that is produced by this Mixture, will 
be very different from what was obſerved in that juſt now mentioned. 
3 For if the bulk of the Water, and Mercury to be mixed, is exactly equal, 
Oſercek but the Water is hotter than the Mercury; then, the Heat of the Mixture 
dere. will be always greater than half the difference of their ſeparate Heats. And, 
on the other hand, if the Mercury is hotter than the Water; then, the degree 
of Heat in the Mixture will be conſtantly leſs than half this difference. And 
this diverſity is always found to be the ſame, as if, in the firſt caſe, you had 
mixed three parts of hot Water with two of cold; and in the ſecond, you 
had mixed three parts of cold Water with two of hot. But, now, if the 
bulk of the Mercury is to that of the Water, as three is to two; then, it don't 
ſignify at all, whether you heat the Mercury, or the Water : For the mixture 
will always have a degree of Heat equal to half the differencq of their ſepa- 
rate Heats, as we found to be the caſe when we mixed the Water together 
in equal quantities, | | 
Fire is di- In this Experiment, then, we plainly diſcover the law by which nature di- 
thown fFtributes Fire through Bodies; which is not in proportion to their denſities, 
Bodies in but-in the ſame manner as it is diffuſed through ſpace. For though the ſpe- 
del Bulk. Cific gravity of Mercury is to that of Water pretty nearly as 14 to 1; yet its 
power of producing Heat when meaſured by its effect, appears to be only 
the ſame, as if Water had been mixed with an equal quantity of Water. But 
the ſame thing is abundantly confirmed by every kind of Experiment as I took 
notice before, when I told you, that I had been convinced by Experiment, 
that all ſorts of Bodies, if they are long enough expoſed to the ſame common 
temperature, acquire exactly the very ſame Heat, or Fire, without any dif- 
- ference at all except what ariſes from the different ſpaces they take up: That, 
hence, it did not appear from Obſervation, that any Bodies whatever have 
a power of attracting Fire, though their greater denſity makes them capable 
of retaining it longer when once it is united with them. The Experiments, 
I have juſt mentioned, were performed for me by the famous Fabrenbeit. 
What then is the reaſon, that Fire will leave the Body it poſſeſſes, to enter 
into a heavy Body, ſo much ſooner than into the moſt light, and ſubtil 
ſpace, into which one would imagine it ſhould penetrate with a great deal 
more eaſe? | | 


The greateſt Hence, again, we underſtand that the bigger any particular Body is, the 
_ Jodies retain longer it will ceteris paribus keep the Heat it has once conceived: For che 
en. denfity of the outward ſurface always prevents the quick egreſs of the Fire 
. which endeavours from the inward parts to make its way out, The next 

orb then reſtrains the third, this the fourth, and ſo-on to the end. And for 

this reaſon if a Body is heated perfectly through, its inmoſt parts are always 

longeſt a cooling. Hence, therefore, ſince the magnitude of any Body is ca- 

pable of farther increaſe, it may at laſt become ſo large, that the Heat com- 


municated to it, ſhall continue in it a prodigious long time. 


| Gr ge tr "ry 
It is demonſtrated by the Geometricians, that if Bodies remain the ſame in 
* Me all 


= 
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all other circumſtances, the bigger they are, the leſs ſurface they will always As well as 
have in proportion to their ſolidity. Hence, again, if we conſider, it will pre- LS 
ſently appear that very large Bodies, if they are once heated, muſt on this ac- 

count retain their Heat a very conſiderable time. From this law, then, it 

follows that every Body will preſerve its Heat ſo much the ages as it has 

more ſolidity contained under a leſs ſurface ; that is, in compariſon of others. 

But again, the Mathematicians have proved, that if the corporeal maſs Hence ſphe- 
continues the ſame, a Body can never be reduced under a leſs ſurface tan 
when it is formed into a Sphere. This Figure, then, is the moſt tenacious of 

Heat; both on account of the ſmallneſs of its ſurface in reſpect of its ſolidity; 

and the equal diſtribution of all the parts quite to the center, and the equal 

receſs from the ſurface, Hence, a very large ſpherical Body, if it is once heated, 

will retain its Heat a vaſt while. And this poſſibly may be one reaſon of the 

| globular figure of the Sun, and the fixt Stars. 


Cool. 14. 


When a Body is divided into parts, without any other alteration, then its When they 
ſurface will be always increaſed, though its quantity of matter continues the je ne 
ſame; and then it will, of conſequence, conſtantly grow cold ſo much the fooner, 
ſooner. A Cube by being divided into two equa] parallelipipeds, has + 
more furface than it had before. A Sphere by being ſplit into two Hemi- 
ſpheres, has its ſurface inlarged by the Area of two great circles, which is 
equal to Al of the ſurface of the Sphere: And, hence, if they were heated, 
and afterwards thus divided, they would loſe their Heat ſo much the ſooner. 

The dividing, therefore, of a hot Body into ſmaller parts, and the reducing 
it from a ſpherical ſurface to a plain one, are two cauſes, by which the cooling 
It will be chiefly promoted; for its contact with colder Bodies will, by this 
means, be wonderfully increaſed. A pint of boiling Water reduced to a 
ſpherical figure, will retain its Heat for a long time; but if it is poured upon 
a large cold plate of Iron it grows cold in an inſtant, | 


Sold Is: 


Now the right conſideration of theſe things, will help us to diſcover the The age. 
reaſon of the continuance of Heat in other caſes likewiſe. It is an old Obſer- Jt Heat of 
vation, that thoſe Bodies, that are denſe, hard, ſtrong, are uſed to exerciſe, Bodies. 
and are filled with compact heavy Fluids, are always found to be hotter, and 

to be longer growing cold than others, for the ſolution of which, a great 

many very different cauſes have been aſſigned: But from what has been 

laid, it plainly appears that ſuch Bodies muſt, by the ſtrong application of their 

ſolids to their Fluids, condenſe them by this compreſſion, and of conſequence, 

collect more Fire within them, and retain it very tenaciouſly when it is united 

with them. In the ſame manner it is obſerved, that in dead Bodies, that want 

this vital Warmth, the internal parts cool very leiſurely. the external very 
quickly. The reaſon of this is evident from what has been laid down ; nor 

is there any need to ſuppoſe a veſtal Fire in the internal Viſcera to account 

for. this Phenomenon. On the other hand now, your lax, ſoft, unaQtive, 

weak Bodies can never communicate ſo much Heat to their watery humours 3 

for they always ſuffer leſs attrition, are leſs condenſed, and are relaxed into 


2 larger 
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| larger ſurfaces ; and for this reaſon too, are not diſpoſed ſo much as to retain 
the Heat when once it is generated. Hence, then, we ſee, what ill conſe- 
| quences are to be feared from both theſe extremes; and what kind of Medi- 
cine, in particular, ſhould be made uſe of, if we expect a happy ſucceſs in the 
curing them. And thus the uſefulneſs of this doctrine becomes very extenſive, 


 CoroL. 16. 


Whereizthe Now I am upon this ſubject, I can't help making uſe of this doctrine of 
gra? the the refrigeration of Bodies to give a ſolution of that queſtion, which has ſo 
Huran much exerciſed the ſkill of the Chemiſts, Phyſicians, and Philoſophers ; viz, 
oy” whether the human Blood has the greateft degree of Heat in the Heart? And 
| if this is the caſe, what is the reaſon of it? What diſſertations do we find 
amongſt Authors upon this ſubje& ! and what very different opinions about it! 

This affair, therefore, I will endeavour to explain in the ſimple manner fol- 

lowing. In the veins the blood is coldeſt. This is univerſally agreed on, and 
therefore needs no demonſtration : It returns from thoſe parts that are far- 

theſt from the Heart; and from the external parts which are coldeſt; it is 

mixed with the new Juices that are e into the Body, which are 
rather colder than itſelf; it circulates in a weak, large, lax, unactive veſſel; 

and is thus diſcharged into the right ventricle of the Heart. For theſe rea- 

ſons, therefore, the venal Blood of itſelf would be colder in no part of the 

Body than in this right ventricle. But as ſuch a degree of Cold in the Heart 

would be prejudicial to the Human Body, and even endanger life itſelf; hence, 

the Blood in its return through the Veins to the Heart, is rendered ſome- 

thing warmer, by the Heat ſupplied by Arteries, which is communicated to 

the Body, and applied to the Veins. Notwithſtanding this, however, the ve- 

nal Blood is coldeſt of all in the right ventricle if compared with the arterial. 

Bur this cool Blood, now, being preſſed, and driven into the narrow, elaſtic, 

ſtrong branches of the pulmonary Artery, by the force of the right ventricle, 

and the vaſt action of reſpiration, muſt neceſſarily paſs through the Lungs. 
alone, in as great a quantity as it does through the whole Body, and all its 

Parts, in the ſame time. Hence, therefore, the Blood would in no part of the 

Body, ſuffer ſo great an attrition, and of conſequence acquire ſo much Heat 

' as in the Lungs alone. But this degree of Heat, again, would be intolerable; 
Han af the and more than we could be able to ſupport ourſelves under. This, therefore, 
Air we in- Nature has ſecured us againſt by the Air we draw into the Lungs in inſpiration, 
mu? which is always a great deal colder than the Blood. And it appears from the 
Obſervations of the ingenious Malpighi, that the Blood is here. diſtributed 
through a vaſt number of exceeding fine Arteries, which are applied all around 

the thin veſicles of the Lungs, and by this means is expoſed to the Air under a 
prodigious large Surface; but the Air is every moment renewed, and there- 
fore always cold; and, hence, the Blood, of itſelf, is cooled in no part of the 

Body more, in this reſpect, than it is in the Lungs. Is not this, now, very 
ſurprizing, that in the very ſame part of the Body, where for ſome neceſſary 

uſes the Blood muſt have the greateſt degree of Heat, there again, for reaſons 

as neceſſary as the former, it ſhould require the greateſt cooling? The Blood, 
and recent Chyle, could not be propelled through all the vital pipes of the 
whole machine without endangering the animal life, if it was not firſt vaſtly di- 

vided, and reduced into its moſt ſubtil Elements. by the forcible TY. of the 

ungs 3 
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Lungs; but this could not be effected without a great production of Heat: Should 
this Heat, however, thus communicated to the Blood remain in it, and there 
ſhould be other cauſes to cool it at the very ſame time; certainly the Blood, 
in a very little while, would intirely putrify, and we ſhould die of a moſt pe- 
ſtilential diſeaſe. By accident, I obſerved ſome time ago, in that part of the 
Sugar houſes where the Sugar loaves are dried, that the Air was fo exceeding 
dry, and hot, that I could not ſtay in it a moment without danger of preſent 
ſuffocation. I thought, therefore, I had got a very good opportunity of ex- 
amining the degrees of Heat in the Air that Animals could breath in; but 
though I was vaſtly intent upon it, the multitude of my affairs, that could 
not be diſpenſed with, neceſſarily called, me another way. I deſired, therefore, 
that induſtrious Gentleman Mr. Fahrenheit, whom I have ſo often mentioned 
with reſpe&, and my very good friend and kinſman Jodocus Provoſt, to make 
ſome Experiments for me in the manner I ſhould direct, and to let me know 
exactly the ſucceſs. This they were ſo good as to comply with, and gave me 
the following account, upon hearing which, I am apt to think you will be 
of opinion with me, that there is ſcarce any Experiment to be met with that 
will help us better to underſtand the effects of this heat of Air upon the 
Bodies, Humours, and parts of Animals. Nor, perhaps, 1s there any other, 
that is of greater ſervice in the Art of Chemiſtry. 
The Baker, then, in one of theſe Sugar houſes was heated till an accurate The won- 
mercurial Thermometer, after it had remained in it a ſufficient time, roſe to Au Au 
1346 degrees. A Sparrow was then ſet down in it in a cage, at fix a clock in 
the evening. When it had been there about a minute, it began to open its 
mouth, and pant with a great deal of trouble, and uneaſineſs, the number of 
reſpirations increaſing every moment, ſo that in a very ſhort time the repe- 
tition of them was vaſtly quick, and with ſuch a diminution of ſtrength, 
that he could fit no longer upon his perch, but leaving it went to the bottom 
of the cage, where, with violent ſtruggling, and panting, he died within ſeven 
minutes. At the ſame time a Dog was confined in the ſame hot room; who, 
after he had been there ſeven minutes, by opening his mouth, lolling out his 
tongue, and breathing very quick gave evident proofs that this great Heat 
was not a little troubleſome. He remained, however, at that time quiet in the 
wooden cage in which he was incloſed. When a quarter of an hour was near 
paſſed, he began to breath very ſtrong, and with a great deal of noiſe, and 
made ſuch efforts to get out of his confinement, as were quite ſurprizing. A 
little afterwards his ſtrength failed him, his reſpiration began to grow ſſower, 
and flower, till at laſt each inſpiration, and reſpiration continued a long 
time, though they were ſtill performed with a great deal of force. Theſe, 
however, grew afterwards more and more languid, ſo that a little before his 
death they could not be heard at all. During all this time, a great quantity of 
Saliva ran out of his mouth, which was perfectly reddiſh, and ſtank ſo intoler- _ * 
ably, that no body preſent was able to bear it: And this terrible ſmell, thus ſud- 
denly produced in the Animal, was of ſo hurtful a nature, that one of the 
perſons that was making the Experiments, upon coming near him, was in an 
inſtant fainting away, ſo that it was neceſſary to refreſh him with ſome Spirit of 
Wine, and Myrrh ; by which means it happened, that he could not put the 
Thermometer into the mouth of the Dog the very moment he died. A little 


2 afterwards, 
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quality, brought a ſtrong man, and one uſed to labour into imminent danger of 


But the vital motion in theſe creatures, whilſt by its attrition it generated Heat 


reſolved, and changed from their natural diſpoſition, then, that even the Sa- 


ſelves, or otherwiſe they would inſtantly fall into a Deliguium. And whenever the. 


Elements of CHE MIS AV, Part II. g 
afterwards, however, being recovered by the abovementioned liquor, he thruſt 
it in, and the Mercury ſtood at the degree 110. In this very great Heat now, 
and with all theſe vaſt ſtruggles, there did not appear upon the dog the leaſt 
ſign of ſweat. This Dog weighed ten pounds. At the ſame time theſe Ex- 
periments were made upon the Sparrow, and Dog, a Cat, too, was ſhut up in a 
wooden cage, and placed in the ſame ſtove. When ſhe had been there a mi- 
nute, ſhe began to lay upon the ground, and pant; and in a quarter of an hour 
made a hizzing noiſe as ſhe breathed ; ſhe then ſtruggled prodigious hard {to. 
get out, and after ſhe had ſuffered exactly in the ſame manner as the former, 
under went at laſt the ſame fate: But ſhe was all over as wet with ſweat as if. ſhe 
had been taken out of a River, | 985 | 

We learn evidently, then, by theſe Experiments, that the Air when it is 
+ 48 degrees hotter than the Blood in the mouth of a healthy child, is ca- 
pable of producing the moſt acute diſeaſe in an inſtant, and ſoon after de-. 
ſtroying the Animal with the moſt terrible ſymptoms. But how ſurprizingly 
muſt all the humours of the Body here be changed, as they gave ſuch evident 
ſigns of a molt fetid putrefaction? Certainly there is not in nature a more ab- 
ominable ſtench than this terrible rancid one, more loathſome than that of a dead. 
carcaſe, which was ſo ſoon produced, and exhaled from, this Animal which. 
was perfectly well but juſt before? For this, we fee, purely by its contagious. 


preſent death. And what greater proof can we have that all the Juices were 


liva in ſo ſhort a time was become red. But the Fire of the room did not alone 
effect all this; for the fleſh of the dead Animal, being hung up in the ſame 
Heat, was only dried thereby, and did not diſſolve into ſuch a noiſome ſanies. 


and a Tendency to putrefaction, muſt of neceſſity have produced a prodigious 
degree of Heat in the Lungs; and theſe having nothing to help to cool them, 
the Heat muſt have grown much greater there than even in the ſtove itſelf. 
And, hence, the Oils, Salts, and Spirits of theſe Animals were reduced to. 
putrefaction within, perhaps, 28 minutes; whilſt the Bird was affected within. 
one. And here we may obſerve, when theſe rooms are heated to ſuch a de- 
gree, the ſervants, who are obliged to attend there, ſtay in but a very little 
while at a time, and then go out for ſome refreſhment. In the ſame manner, 
in the Melting-houſes, where they cut the melted iron into large plates, the. 
Workmen can bear the exceſſive Heat but for a moment, and then are 
forced to retire into ſome cooler Air, where they lie down, and recover them- 


Air is heated but to ſuch a degree, as 1s the ſtandard of a man in health ; if a. 
perſon is then placed in it, he ſoon perceives the exceſs of the Heat, which. 
grows ſo troubleſome, that he can't remain in it any conſiderable time, but 
ſtrives with all his might to get into ſome cooler place, or otherwiſe would 
faint away. Hence, therefore, we ſee, that hot Air enervates the ſtrength 3. 
cold reſtores it: And, indeed, except the Heat was tempered by an alternate 
inter poſition of Cold, there would ſoon be an end, both of Plants, and Animals. 


+ This muſt be underſtood in the very greateſt latitude in which it is ever obſerved ; the Heat of 
2. child in health very rarely riſing higher than the g6th degree in Fabrenbeit's T W 
> ons "OE rom 


= 


Theory of the ART. 165 
From what has been ſaid, then, we at laſt make this concluſion 3 that the 
Heat of the Blood in the Veins, Arteries, Heart, Lungs, and other parts of | 
the Body, is pretty equable. In the Lungs, however, it is, in reality, both hot- 1 
teſt, and coldeſt; and hence, tho? it undergoes thoſe effects in the Lungs, 
which are abſolutely neceſſary, yet by this means it is ſtill kept of a proper 
temperature. | 


8 Co ROL. 17. : 
The larger any Body is, the denſer the matter is of which it conſiſts, and the What Bo- 


more exactly ſpherical its figure is, the more diſpoſed will it be to retain the Fire en cher 
which it has received into it; which is every where confirmed by Experiment. Heatlongeft- 
Tf ſuch a Body as this, therefore, ſhould be placed in an exceeding rare Fluid, or 

in a perfect Vacuum; then, all the phyſical cauſes that are at preſent known 


to promote this preſervation of Heat, would be united together, 


7 . 


Nevertheleſs, all the ſolid, large, ſpherical Bodies, that we are converſant. neg. 
with, tho? they are brought to the very point of fuſion, if they are placed in.“ 
the common Air, ſoon return to the temperature of the ambient Atmoſphere. 


"OD KDE: 29:5; | 
Can we then look upon the vibration of the conftituent Elements of Bodies, bat dees 
a . © _ ; q g vibratie n do 
as the whole, and only cauſe, that Fire continues in a Body that is heated? As toward 
was the opinion of the illuſtrious Newton, It is true, indeed, if a large Bell is Heat! 
ſtruck but in one place with an elaſtic metal Clapper, it will continue its ſonorous 
undulations for ſome ſeconds, and its tremulous concuſſions a good while after 
we are able co hear them, as appears by ſprinkling a little Sand on it: But. 
in other caſes, this vibratory motion of elaſtic Bodies is commonly pretty ſoon- 
over. | | 


EXPERIMENT XXI. | 
The denſer Bodies are, whether fluid, or ſolid, the longer time they require — Bodies : 
to grow equally hot, if they are expoſed to the ſame Fire. 2 
For making this Experiment, take a braſs hollow Parallelepiped, open at 
top, and filled with Water; upon this, let there be placed ſome cylindrical 
dan Veſſels of the ſame ſize, and filled to the ſame height with Fluids of dif- 
erent ſpecific Gravities: Then, if you make a Fire underneath, ſo that the 
Water being conſtantly in motion, may acquire a very equable degree of Heat, 
you may with the naked eye perceive the lighteſt, and conſequently, the rareſt. 
Fluid to be expanded very ſoon, but the denſeſt a great deal flower ; and the. 
lame is confirmed by the application of the Thermometer. Air grows hot very 
quickly, then Alcohol, next very liquid Petroleum, then Oil of Turpentine, . 
and then in order, pure Water, ſalt Water, very ſtrong Lixiviums, Metals, 
Mercury, Gold. | 


The matter, therefore, of Bodies, both admits, and parts with Fire, with: 
Er | ſome.: 
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ſome difficulty; and hence, Body, as Body, does, in this reſpect, retain its 
temperature, nor ſuffers it to be changed without ſome reſiſtance. 


EXPERIMENT XXII. 


The larger Bodies are, the longer they are, ceteris paribus, in growing hot 
with the ſame Fire; and the contrary. The truth of this is ſo well known 
from the moſt common Experiments, that it may be almoſt made uſe of as a 
phyſical Axiom, ; | 


| ExPERIMENT XXIII. 5 
What Bo- 


3 The denſer and larger Bodies are at the ſame time, and the more exactly ſphe- 
beated with ical their figure is, the more Fire they require; and the Jonger they are, before 
ce mot they arrive at their greateſt Heat. For if one pound of Iron is hammered into 
* a thin parallelipidal Plate, and another is form'd into a Sphere, and both theſe 
are immerged into boiling Water; then, the Plate will ſoon receive the Heat of 

the Water, but the Sphere ſlowly : So far therefore, the Surface ſeems to deter- 

mine the time, which a Body takes up, in admitting, and parting with Heat, 

and Cold. | 8 
EXPERIMENT XXIV. 


Among all the Bodies of the univerſe, that have hitherto been diſcovered and 

naelf baer examined, there never was yet found any one, that had ſpontaneouſly, and 
 thanevery from its own nature, a greater degree of Heat than any other. This ſurpri- 
ther. Zing paradox has already appeared to be true by an induction of particulars : 
For, as I informed you before from Experiment, all thoſe Bodies which are 
eſteemed the hotteſt, will be reduced exactly to the ſame degree of Heat, or 

Cold, if they continue a good while in Air of the ſame temperature. Certain- 

ly, Phoſphorus itſelf made of Urine, is as cold as the ambient Water, whilſt 

it is immerſed in it; tho' it ſoon grows exceeding active, and hot, when it 

is expoſed to the Air. In like manner the Phoſphorus that is prepared from 
calcin'd pinguious ſubſtances, and Alum, ſo long as it is ſecur'd in its glaſs Vial, 

has no more Heat than the Glaſs, nor has the leaſt effect upon it; tho? upon 

the admiſſion of the Air, indeed, it takes Fire, and burns immediately. Lin- 

ſeed Oil, which is never harden'd into a ſolid Maſs, but remains always fluid in 

the greateſt natural Cold, is even at that time as cold as the coldeſt Ice. Nor 

is the choiceſt Alcohol then at all warmer than the pureſt Mercury. That 
wonderful Spirit of Nitre, called the fiery Spirit, which is a curious prepara- 

tion of Glauber's, and that diſtilled Oil, which the Chemiſts draw from Saſſa- 

fras, whilſt they remain quiet in cloſe Veſſels, are as cold before the mixture, 

as the coldeſt Ice; tho* when they ' are mixt together, they produce a 
moſt terrible Fire. The coldeſt Steel and Flint, by a momentaneous percuſſion, 
excite in the ſharpeſt froſty Air, the moſt intenſe Fire that we are at preſent 
acquainted with. And this is ſo univerſally true, that of all the natural Bodies 

that have hitherto been examined, there has not been found one, that of itſelt 
inclines more towards Heat, than Cold, not one, that is naturally hotter than 

the reſt. I know people are generally ſtrongly prejudiced in favour of the con- 

trary opinion, and think it evident, that the Bodies of Animals, at leaſt, have 

a greater degree of Heat in them, than others. And this, I confeſs, is true, 

if you conſider them whilſt they are alive; for ſo long there is a perpetual 


: 3 collection 


in 
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colle&ion of Fire, and communication of Heat, by that attrition of the parts, 
which is neceſſary to the ſupport of the animal life : But, now, if you examine 
a drowned Body, that was uſt before ſtrong, and in perfect health, and re- 
mains ſtill in all reſpects exactly the ſame, except wanting this vital attrition ; 
you will then find it exactly as cold as the Water. But you'll be apt to ſay, 
{ure the contrary of this appears to be true; for we often ſee, that Bodies have 
a great degree of Heat after they're dead. And this, Gentlemen, I acknow- 
ledge to be frequently the caſe. Hence, you'll probably inſiſt, that there are 
in reality, therefore, Bodies of Animals, that are diſpoſed to keep up, and 
cheriſh Heat in them. Nor do I deny it: But then pleaſe to conſider, that 
when this is the caſe, then putrefaction is actually begun, by which there is 
excited a conſtant, and pretty violent motion too, which by its attrition, and 
friction, is capable of communicating new Fire to the Body, which did not 


naturally belong to it. Take for inſtance, a quantity of cold Hay, preſs it 


hard down in a large heap, and then moiſten it quite through with Water, and 
it will by this means grow very hot, and ſometimes burſt out into Flames. 
Fermentation, putrefaction, efferveſcence, and the mixture of Bodies together, 
will certainly very often produce the greateſt degrees of Hear, as I ſhall here-- 
after expreſly demonſtrate, nor ever deny*d; but then theſe motions are never 
obſerv'd to happen in one ſingle ſimple Body alone, and therefore are never 


ſpontaneous, or belong properly to any Body in particular. Any other ob- 


jection of this kind that may be raiſed againſt what we have aſſerted, you your- 
ſelves will eaſily be able to anſwer. 7 


Soso. I 
Does therefore a denſe Body receive more of the ſubſtance of Fire into it»- 


as it grows by degrees hotter and hotter ? Is this greater comparative quantity 


of Fire, owing to the greater degree of Fire that the Body is expoſed to ? And 
is the continued application of this Fire likewiſe another reaſon, that a Body 
thus heated has a greater quantity of Fire communicated to it? 


| 1 Cox oOo. 2. 
Is Fire itſelf, that is ſo long inſinuating itſelf into a Body, and enters into 
it in ſo great a quantity, the true phyſical cauſe of the long retention of the 
Fire in the Body when it is once heated? 


Conot. 3 
Or rather, is not this effected, by the heated corporeal Maſs, and the Fire 
communicated to it, both their powers conſpiring,” and being united together? 


SCHOLTUM, 


Thus far, Gentlemen, I have endeavoured by a few ſimple Experiments, to.» 


lay before you thoſe evident truths that I have been able to diſcover, concern- gf the due. 


ing the nature of that Fire, which Philoſophers call elementary Fire. And 8 


this we have conſidered: Firſt, as it is a created Being, exiſting ſeparately, pie, 


| and without every other Body whatever; then, as it reſides in Bodies, and re- 


mains there pure and ſimple, nor receives any Pabulum from them, being de- 


termined in parallel or converging Rays;. and laſtly, as the ſame is collected 
in 
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in Bodies, purely by motion and attrition. And I have taken a great deal of 
pains to give you a right notion of this Fire, before I proceed to examine into 
that, which is ſupported by combuſtible matter, which is ſuppoſed to be of quite 
another nature from the former, and differs very much from it in its effects: 
For the not carefully diſtinguiſhing betwixt theſe two kind of Beings, which 

by univerſal conſent are called Fire, has given riſe to a great many errors in 
the chemical Art. Let us now, therefore, ſet about the examination of com- 
mon Fire, which by many people is looked upon as the only real Fire. Give 
me leave, however, before I proceed, to give you a ſhort account of ſome ob- 
ſervations that may be underſtood from the doctrine that has been already laid 
down, and which properly belong to the Hiſtory of Fire; that fo both this 
Hiſtory may be as compleat as poſſible, and every perſon may have the honour 
of his proper diſcoveries. | | 

The Diſco- An iron Rod a foot long, made red hot, gained u of its length. A glaſs 

ber au. Cylinder, a ſpan long, made red hot, gained s. Sturm. Coll. part II. p. 101, 

thors, A metal Ring made red hot, had its diameter increaſed by +24. Sagg. di Nat. 

Sper. p. 182. A glaſs Globe was diſtended in its capacity +444, purely by the 
Heat of the hand. Des Amontons, Mem. de Þ Ac. Roy. 1704. p. 12. 1705. p. 4. 
If a Thermometer is immerg'd into a warmer liquor than itſelf, it firſt deſcends, 
and afterwards aſcends ; if into a colder, it firſt aſcends, ' then deſcends. Sagg. di 
Nat. Sper. p. 178. ad 181. And this is proved by a great many arguments to 
depend in the firſt caſe upon the expanſion, and in the ſecond upon the contrac- 
tion of the Glaſs, before the included fluid can be equally affected, ibid. In 
warming of Liquors, the Heat is ſuppoſed not to expand them equably, but 
by alternate impulſes. Halley. Phil. Tranſ. Abr. T. II. p. 34. Mercury being 
pr in a glaſs Vial, and then immerg*d in cold Water, which was afterwards 
eated by degrees, till it began to boil, aſcended very equably ; but when the 


Water boiled, tho' the Fire was increaſed, it could not be dilated any farther, but 
remain*d at the ſame point. Hence, therefore, Thermometers made with Mer- 


cury, will be moſt accurate. Id. ibid. And theſe following obſervations I chooſe 
here to ſubjoin, as matters that deſerve conſideration: Since one very often 
corrects another. If two metal Rods are of the ſame weight when they are cold; 
then, if you make one of them hot, and hang it to a balance, it will be lighter 
than the cold one; but if yon place a live Coal under the cold one, the equili- 
brium will be again reſtored. If two metal Rods are exactly in equilibrio, then 
by holding a hot Coal over either of them it will grow lighter, and on the 
ny will preponderate if you hold it underneath. Sagg. di Nat. Sper, 
p. 236. 


Of the Pabulum of Fire. 
Eirein Bo- Since, then, it appears almoſt certain, that the very ſame Fire does always 


dee Exiſt, in the ſame quantity, and without alteration ; and farther, that when it 
manner. is collected in ſome ſort of Bodies, ſuch for inſtance, as Gold or Silver, it will 
continue in them a conſiderable time, without any perceptible deſtruction of 
them; we.come now in the next place to examine thoſe Bodies to which Fire 
may be likewiſe communicated, and in which it may be preſerved too a pretty 
while, but then, under this dircumſtance, that at the ſame time that the Fire 
is thus detained in them, nay, and ſometimes increaſed, the very Bodies them- 


: ſelves 
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Deory of the ART. 
ſelves are ſo far conſumed in this action, that they almoſt diſappear from our 
ſenſes. For when Fire is once collected in Bodies in this manner, it generally 


them, by which it was continually ſupported : But as ſoon as ever theſe parts 
are diſperſed by the power of it, then the Fire likewiſe diſappears too, exerting 
itſelf but very little longer upon thoſe that are left behind. | 
Since therefore the Fire itſelf, and the Body in which it was collected vaniſh 
from our ſenſes both together, hence people have univerſally called thoſe Bo- 
dies, or thoſe particular parts of them, the Aliment, or Pabulum of Fire : And 
thus far it may be allow'd, without any inconvenience. But when they pre- 
tend to call them ſo in too ſtrict a ſenſe, becauſe they look upon them as the 
nutriment of real Fire, and imagine them to be changed by the Fire into 
the very ſubſtance of elementary Fire, and thus to have their own proper na- 
ture deſtroy*d, and to put on that of Fire; then, they propoſe ſomething vaſtly 
different, which ought very well to be conſidered before it's admitted for true; 
for tho? the aſſertion of it is very eaſy, yet the demonſtration of it is exceeding 
difficult. And certainly, whoever overhaſtily runs into this opinion, muſt ne- 
ceſſarily ſuppoſe, that thoſe Bodies which nouriſh, and ſupport Fire, in the man- 
ner we have mentioned, are by this means conſtantly diminiſhing : And hence 
the quantity of all other Bodies in the univerſe muſt be continually leſſened, 
- whilſt that of elementary Fire muſt be in proportion increaſed. Of conſequence, 
therefore, Fire being thus perpetually augmented, and at the ſame time di- 


Bodies long enough ago, and remained ſuperiour, and alone in the Univerſe, 

In the meantime, however, if we examine the obſervations that have been made 
= from the moſt ancient times, quite down to our own, we ſhan't find the leaſt 
indication of any ſuch increaſe. But on the contrary, the power, and conſe- 
= quently, the quantity of Fire is obſerved to continue the ſame, nor ſeems by 
any means to ſuffer any conſiderable augmentation or diminution. . An Exam- 
plw&kẽUe, or rather Proof of this, are thoſe very accurate Meteorological Tables, ſo 
\ = nicely contrived, and ſo carefully perfected many years ago for public ſervice, 
buy that excellent Geometrician Nicolaus Cruguius, in which you may ſee what 

an extraordinary equilibrium of Heat is maintained. Nor is it a little to our 
purpoſe, that after burning of Woods, which has been continued ſometimes 
for whole months together, there has never appeared the leaſt ſign of any 
increaſe of Heat remaining after it was over. Can you believe, Gentlemen, 
that after almoſt ſix thouſand years, as in this time all the combuſtible matter 
of the whole inhabited Earth, where Fires are in uſe, muſt neceſſarily have 
been ſo many times conſumed; I ſay, can you believe, that after all this long 
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and conſtant augmentation of Fire, the Heat ſhould not yet be grown intolera- 


ble to tender Plants, and Animals? In every part of the world at leaſt, the 
Heat has always continued the ſame : For the very ſame warmth of the Air is 
always requiſite, that the tender Embryo's of Plants, whilſt they lie incloſed in 
their Seeds, and are nouriſh'd, fill'd, and diſtended with a kindly moiſture, 
may expand their very fine, and feeble Stamina; for if the Heat increaſes be- 
yond the bounds they are able to bear, it ſoon burns up the almoſt fluid Ma- 
chine in its original ſtate; nor does it leſs certainly periſh if the Heat grows too 
languid: Why ſhould I make mention of Animals? The animalcles of * 

| ; Z | | male 


remains in them, and perſiſts in its activity, till it has diſſipated thoſe parts of 


diminiſhing every thing elſe, would neceſſarily have deſtroyed all other 


Why ſome 
Bodies are 
called the 
Pabulum of 
Fire. 


Does this 
Pabulum be« 
come Fire 


itſelf ? 
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Male Seed, when they have inſinuated themſelves into the Eggs of the Female, 
require ſuch an exact temperature, that the 100th degree of Heat in Fabrenbeit's 
Thermometer will burn them to death, and in the 7oth, by reaſon of the Cold, 
they will hardly ever be brought to maturity : Nay, the very impregnated Eggs 
of Inſects, that are able to bear the ſharpeſt winter Froſts, are moſt certainly 
deſtroyed, if they are expoſed to a degree of Heat that's a little too intenſe, 
In ſhort, therefore, examine Nature in her whole extent, and you'll evidently 
find, that the quantity of Fire in the Univerſe, always continues the ſame: 
For it's certain, after ſo many terrible conflagrations occaſion'd by Meteors ; 
after ſuch prodigious eructations of burning Mountains; after ſuch infinite 
numbers of culinary, furnace, and workhouſe Fires; and, after all, the devaſ- 
tations that have happened ſince the invention of Fire- Arms: I fay, after all 
theſe extraordinary methods of producing Fire, there does not appear to be 

This ſcarce- the leaſt quantity more at preſent, than there was in former ages. And I'll 

ly credible. 21moſt venture to promiſe, that our following examination of the Pabulum of 

Fire, will make it appear beyond contradiction, that the caſe is here very dif- 

ferent from what people generally imagine. Let us therefore ſet about this ve- 

ry ufefu], and agreeable inquiry; and in the firſt place let us conſider com- 

buſtible matter as we find it, in the Vegetable, Animal, and Foſſil Kingdoms. 

Now here we ſhall come at its Nature more readily, if we firſt examine it in 

the claſs of Vegetables; for *tis by theſe that Animals are nouriſhed and 

_— and theſe may more eaſily be examined, and underſtood, than 

| oſſils. x; 

The Paz - All Vegetables that we are hitherto acquainted with may be burnt with Fire, 

Ve Fire and will feed the Fire whilſt they are burning; the Larch- tree itſelf not except- 

bles ed. But as theſe now may be expoſed to Fire, either crude, whilſt they are 

yet perfectly alive and full of green juices, or when they are dead, and dry; 

hence they ought to be conſidered in both theſe circumſtances : And as a right 

| knowledge of the green ones, will help us more eaſily to conceive of the dry 

ones, for this reaſon, a proper regard to method leads us to examine what it 

is, that is properly combuſtible in Vegetables whilſt they are alive. 

An exami- All crude Vegetables, therefore, of what kind ſoever, contain in them, 

nation into Water; Spirits, as they are called, or inviſible exhaling Corpuſcles, which are 

chat part of generally odorous, and for the moſt part reſide in this Water, and are dif perſed 

ſeed Fire. into the Air as ſoon as ever ſeparated from it; an acid volatile Salt, which 

almoſt always appears in a liquid form; a volatile alcaline Salt; a light vola- 

tile Oil, which has generally the peculiar ſcent of the Plantz a more fixed, hea- 

vy Oil; a black Coal, which tho? it is forced with a ſtrong, and long conti- 

nued Fire, in a cloſe veſſel, yet continues fix'd, and black 3 white Aſhes, which 

are the remains of this black Coal, when it has been burnt in an open Fire; a fix'd 

alcaline Salt, which is contained in theſe Aſhes, and may be procured from 

them, by making a Lixivium with them; and laſtly, another part of theſe Aſhes 

which remains after this Salt, is ſeparated, and is called pure Earth. This, 

Gentlemen, is an exact account of thoſe parts that have been diſcovered in 

combuſtible Vegetables. In theſe, therefore, as they are changed by the va- 

rious actions of the Fire, we muſt examine what part it is, that is in reality 
inflammable, or combuſtible. | | 0 | 

If crude Vegetables then, containing all the parts abovementioned, are m_ 
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mitted to a briſk Fire, whilſt their Moiſture is yet in them, the firſt thing they A particutar 
yield is a Smoke, or vapour, which aſcends in the appearance of a Cloud, and wag ee | 
may be collected in ms of Water, either acid, or alcaline, according to the yens; Firt, 
nature of the Plant, the proper ſcent of which, in ſome meaſure, it almoſt always 3 
carries along with it. This Vapour is light, thin, and almoſt pellucid. | 
After Vegetables have been deprived of this firſt part by the Fire, and, 
hence, begin to grow dry, then another kind of Smoke begins to ariſe, which 
is generally black, thicker, acrid, opake, . denſe, and fetid z which every mo- 
ment grows thicker, and denſer, till at length it becomes of a pitchy black- 
neſs, and is rolled up, and whirled pretty ſtrongly about the Vegetable. 
Not long after this there burſts out a briſk, lucid, crackling Flame, and ſuc- 
ceeds this thick Smoke; for this ceaſes when the Flame appears, and there al- 
ways remains ſo much the leſs of it, as the Flame burns more clearly : But if 

ou extinguiſh this Flame, then this denſe black Smoke ſoon appears again. 

f this liquid, volatile Smoke now, is catched upon any Body, and by that 
means condenſed ; then wherever it fixes, it will forma very black, pinguious, and 
tenacious Pigment, which is bitter, and fetid, and goes by the name of Soot. 

Vegetables being in this manner conſumed by Fire, into Smoke, Flame, and 
Soot, there remains another part at the bottom, which may be made red hot 
indeed, in the ſame manner as Metals, but is abſolutely unfit to feed, and 
ſupport Fire; and this is called, Aſhes. Theſe now are found to be different 
according to the different nature of the Vegetables that were burnt: For if the 
Smoke they emit when they are expoſed to the Fire, is of a very volatile, 
acrid, faline, and alcaline nature, then the Aſhes that are left are for the gene- 
rality infipid; as appears, in Garlic, Onions, Scurvy-graſs, Rocketts, Hedge- 
muſtard, Creſſes, Leeks, Water-mint, Muſtard, Mithridate-muſtard, and the 
like acrid antiſcorbutic Plants, which when they are burnt yield ſcarcely any 
fixt Salt. On the other hand if the Plants are ſucculent, and acid, and their 
T fumes are ſo likewiſe, there then remains a great deal of Salt in their Aſhes ; 
= as we find in the green branches of almoſt all Trees, which if they are large 

= when they are laid on the Fire, there diſtils from their ends, an acid Water in 

| great quantity. And laſtly, if the Vegetables are of the auſtere-acid, or the 
OI kind, then the Aſhes of theſe too yields a Salt in great abun- 
ance. 
If Vegetables are moderately dry, and their Water is exhaled when they are tn a ary 
expoſed to the Fire, but yet are not too old; in this caſe the very ſame things * 
happen as in the former, and in the ſame order, but there will be a much 
ſmaller quantity of the firſt watery Vapour. | | 
If the Vegetables are worm-eaten, fungous, light, very dry, and very old; 13 = 
then if they are laid on the Fire, they will hardly burn with ſuch an open one. 
Flame but will grow red hot, ſhine, continue lucid ſome time, and then moul- 
der into Aſhes, in which there will be hardly any Salt at all; nor will they 
ſcarcely yield any Smoke, or Soot. 

Since, therefore, theſe things that we have mentioned hold true in every 
kind of Vegetable that is burnt, we may hence upon inquiry be able to diſ- 
cover, which of all theſe parts it is that is in reality properly combuſtible, 

Firſt then, let us examine the Water which conſtitutes a conſiderable part 
of every kind of Vegetable. And this we find is capable of admitting, and 
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An exami- retaining for ſome time any quantity of Fire, not exceeding 212 degrees or a 
— 44 little more, but then, the Elements of the Water have received ſuch a diſ- 
bere. Fit, poſition from the Fire, that no more can be diſpoſed, and confined in it. 
otthe Wa. Hence, therefore, it is not poſſible by any known Art whatever fo to impreg- 
nate Water with Fire, as to make it put on the brightneſs of a red hot 
Body, and thus to become perfectly lucid, Nay if Water, whether hot, or 
cold, is thrown in large quantity upon a burning flame, or any kind of 
matter that is on Fire, it will immediately reduce that violent Fire to 212 de- 
rees, and by this means ſtops every kind of Fire, takes away the redneſs 
. — Bodies that are heated, and extinguiſhes flame. Nay, if by the action 
of Fire, Water is reſolved into Vapours, that are very active, and expand 
themſelves every way with a great deal of force, yet even then, when it is re- 
duced into this form, it has the very ſame effects with reſpect to Fire. This 
is evident; for if you hold a live- coal, or lighted Torch in the denſeſt ſteam 
of boiling Water, it will be perfectly extinguiſhed as if you threw Water upon 
it. And our chemical diſtillations likewiſe demonſtrate, that Water, exert 
what force of Fire you will upon it, will always retain every character of pure 
Water. In the mean time, however, I cannot deny but that there are a great 
many effects produced by the Water in the burning of Vegetables, that would 
not otherwiſe happen: For if you fling Water upon Oil, whilſt it is pong 
hot upon the Fire, there will ariſe a new action betwixt the Fire, Water, and 
Oil, very different from what would have happened had not this been done. 
Suppoſe a pound of Oil, for inſtance, actually boiling, and on flame in a 
copper veſſel, the Fire then in this Oil will have 600 degrees of Heat; bur it 
will keep within bounds ſo long as it is moved equably through the Oil, and 
diſpoſes it into a bright flame : Let now an ounce of Water be thrown at once 
into this Oil, whilſt it is thus boiling, and flaming, and there will be imme- 
diately produced a rumbling, crakling noiſe, the mixture will fly about in a 
ſurprizing manner, and the motion of the whole will grow perfectly unequal : 
For the Water as it falls by its own weight through the Pores of the boiling 
Oi}, meets every where with a degree of Heat three times greater than that of 
the hotteſt Water, whence the Elements of the ' Water being expanded with 
a prodigious force, and agitated with an exceeding ſwiftneſs, they put the more 
tenacious particles of the Oil into motion, diſſipate them, and carry them 
with them into the Air, If whilſt Bodies are burning, therefore, any Oil, 
and Water happen to meet in them, the Fire that is excited will be very dif- 
ferent from what ic would be otherwiſe: And this your Smiths are well ac- 
quainted with, who when they have a mind to blow up a very briſk Fire ge- 
nerally ſprinkle a little Water upon their Coals. But there is another circum- 
Nance too in this affair that ought to be taken notice of, and that is, that 
Water is capable of receiving a greater quantity of Fire when it is compreſſed 
by a greater weight of the Atmoſphere: And indeed this augmentation is ſo 
conſiderable, that for every increaſe of this weight there is a ſenſible addition. 
of a degree of Heat. Hence, therefore, ſhould it ever be fo confined within 
Bodies on fire, as to be compreſſed with a double Atmoſphere, what a 
terrible exploſive force would it hereby acquire? And from this conſideration. 
L have often thought, and not without aſtoniſhment, how vaſtly the quantity 
of Fire that may be communicated to Water, would be increaſed, ſhould the- 
| 2. | 8 5 Water, 
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Water be placed in the Center of the Earth. For Air at the depth of 409640 
fachoms from the ſurface of the Earth would be as heavy as Gold, according. 
to Marigste's Calculation, if the law he ſuppoſes always holds good: With 
what force then muſt Water be compreſſed in the ſame place? And of con- 
ſequence 95 7 much more Fire would it be there capable of receiving? Would 
not Water, if it was made to boil ſtrongly there, ſhine as much as Metals 
that are made ever ſo hot? Certainly this appears more than probable. Com- 
pare Hiſt. de Acad Roy. des Sc. 1703. 6. and Mem. p. 101. But again, 
there is yet another power of Water, when in the Fire, that is very particular 
and ſurprizing. If you melt, for inſtance, a fixed alcaline Salt with a ſtrong 
Fire in a Crucible till it runs like Water, and then inſtantly pour it out into 
an iron or copper mortar, if there is ever ſo little Water at the bottom of the 
veſſel, it will be ſo agitated in a moment by this exceſſive Heat, as to be able 
to make the Salt fly about with an incredible impetus; as the Chemiſts have 
often experienced to their great loſs, and danger. But the effect of Water 
with reſpect to Fire is never more violent, or terrible, than when it happens 
to meet with melted Braſs: For if whilſt this Metal is in fuſion in the large melt- 
ing Furnaces, a little Water unfortunately falls among it, there ariſes imme- 
= diately a terrible noiſe with ſo violent an exploſion, that the ſtrongeſt Fur- * 
naces are inſtantly tore to pieces. If a few grains of melted Braſs are thrown 
into Water, the force thus produced likewiſe is ſo prodigious, that it will 

burſt the ſtrongeſt veſſel aſunder, and reduce it to powder in an inſtant. 
Hiſt. de Þ Acad. Roy. des Sc. 1699, p. 110. Hence, therefore, it appears, 
what are the effects of that Water which naturally reſides in combuſtible Ve- 
= getables, with regard to the Fire that is burning them, if you conſider it ſe- 

parately as Water ; and how much it is capable of increaſing the force of 

Fire, if it happens to meet with Oils, Salts, or Metals: So that the ſame 

Body, that is looked upon as peculiarly proper to extinguiſh Fire, we ſee, 

may under ſome particular circumſtances, be the greateſt inſtrument of ren- 

dering its power more intenſe. 8_ 

The Spirits, then, as they are called, of Vegetables, come next under con- Secondly, of 
ſideration, and that, as they naturally ſwim in this Water, and float about dus ne 
with it, before the Vegetables have undergone any degree of fermentation. 80 
And theſe, though you take ever ſo much pains to ſeparate them from the 
Water, and collect them pure together, are never found to contain any thing 
in them that will feed, and ſupport flame, or Fire. On the contrary, let them 
be depurated ever ſo nicely if you throw them upon the Fire, they will: foon- 
put it out, in caſe they have no mixture of Oil in them. The very fragrant 

My Water that exhales from green Roſemary when it is chemically managed, has 

nothing in it inflammable. Nay, if with a very gentle Fire you ſeparate the 

= moſt fragrant part of this again in a cloſe veſſel, neither was this ever found to: 
yield a proper Pabulum for Fire, but on the contrary it extinguiſhes it when. 
it is burning. . = pegs. 

The third ſort of Bodies, that enter into the compoſition of Vegetables, are Thrddy, of 
what the Chemiſts call acid Salts, which exhale too with the ſcented Water, the acid ve 
and Spirits abovementioned. Theſe volatile Salts, now, have long ago been Þ's- | 

diſcovered to be very often exceedingly acid, as the ſmoke that ariſes from: = 
acid Wood. when it is burnt demonſtrates, as well as the acid Soot that is 
ſometimes- 
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ſometimes produced by it. Nay, the Spirits that ariſe in the diſtillation of the 
very heavy Woods, ſuch as Box, Juniper, Guaiacum, Oak, and the like, are 
found to be as acid as Vinegar itſelf. Thus if you take ſhavings of Guaiacum, 
and diſtill them with a moderate Fire in a very clean veſſel, you will have a 
liquor, that by every characteriſtic diſcovers itſelf to be very acid. If you 


then carefully ſeparate it from all the Oil that is mixed with it, which may 


be eaſily done, by filtration, and gentle diſtillation, you will by this means 
have your Acid perfectly pure, limpid as Water, and even then conſiderably 
volatile: And yet, when it is by this management rendered as pure as poſſible, 
if you throw it upon flame, or Fire, it is fo far from ſupplying them with 
fuel, that it will ſoon extinguiſh them. Nay, and that pure acid, vegetable 
Spirit, that is procured by Fire from the native Balſams of Vegetables, is per. 


fectly of the ſame nature, If with an exact Fire you diſtill ſome pounds of fine 


Turpentine, in a very clean veſſel, you may draw from this ones pingulous 
Balſam, a liquor of a perfect acid taſte, that may be intimately mixt with 
Water, and is perhaps the nobleſt diuretic we are acquainted with; and yet 
this, which poſſibly you would not imagine, will extinguiſh Fire in the ſame 
manner as common Water does. We evidently ſee, therefore, from theſe Ex. 
periments, that the volatile, acid Salt that riſes from Vegetables when they are 


burnt, is not a proper fuel for flame, or Fire, but on the contrary put them 
out. But here, perhaps, you will be ready to ſay, don't we ſee plainly, how- 


ever, that Sulphur will burn? Certainly it will. But, you'll go on, Sulphur 
is compounded of a foffil Acid of Vitriol, Alum, or the Pyrites, united with 
a vegetable, or foſſil Oil. And this is generally true. Hence, then, you'll 


be apt to infer, that the latent Acid of the Sulphur is a proper Pabulum for | 


Fire. But, Gentlemen, if we will but look into this affair with proper care 
we ſhall find that it is the Oil only that in this caſe feeds, and ſupports the 
Fire; for the Acid does not remain in the flame, but is diſſipated in fumes, 
which being afterwards collected, compoſe that liquor which goes by the 
name of the Oleum, or Spiritus Sulphuris per Campanam, and is the true original 
Acid of the Sulphur without any alteration. 3 

But again, if we examine the volatile, alcaline Salts, that exhale from moſt 
kind of Vegetables whilſt they are burning, and are found to be contained in 
their Soot; or that are procured from ſome of them purely by diſtillation, as 
we fee in Garlic, Onions, Scurvey-Graſs, Rockets, Creſſes, Leeks, Horſe- 
radiſh, Muſtard, Mithridate-muſtard, and others: I ſay theſe Salts, if they are 
carefully ſeparated from the Water, Spirits, and acid Salt beforementioned, are 
never obſerved to burn, or flame in the Fire, but either fly off immediately, 


or diminiſh its power. And laſtly, even that volatile alcaline Salt, that is 


artificially produced from putrified Vegetables, which is in larger quantity, 


and more acrid than the former, appears by no effect whatever to be a proper 
Pabulum of Fire. Give me leave, however, here to give you this caution, 
that what I aſſert of theſe Salts, muſt be underſtood of them, when they are 


reduced to their greateſt purity, ſo that there is not the leaſt Oil adhering to 


them. For-in the diſtillation of Vegetables, as well as in the burning of them, 
when the ſaline, alcaline, volatile part riſes, it carries up with it a conſider— 
able quantity of a fetid, volatile Oil, which it pretty intimately unites with 
itſelf, ſo that a perſon may eaſily be deceived if he makes this Experiment 


with 
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with the Salt, whilſt this Oil remains mixed with it; for then if it's expoſed to 
che Fire it will really burn. But as ſoon as ever this Salt is perfectly freed | 
from its Oil by the methods which we ſhall hereafter explain, and is by 
chis means rendered quite pure, then its inflammable power is intirely taken 
Wy he fifth part that enters into the compoſition of Vegetables, is the Oil Fifthly, of 
that's procured from them by diſtilling them with boiling Water in a cloſe e Oi. 
Alembic; and this is called their eſſential Oil, and is the moſt volatile of all 
the Oils that are drawn from them, as well as the moſt pure, not having ſa 
great a mixture of heterogeneous parts with it, as the reſt have. If this Oil, 
when it is well ſeparated from all the other parts, is ſet upon the Fire, in a 
clean veſſel, and ſuffered there to grow hot, and boil, and then a Flame is ap- 
"> ply'dto it, it will take fire, flame, burn away, emit a little Smoke, conſume 
and leave behind it a few Fzces, that are of the nature of Coal, black, ſpungy, 
brittle, andearthy. If this very Oil now, which is generally reckoned 10 pure, 
undergoes a ſecond diſtillation in boiling Water, it then becomes a great deal 
purer, thinner, and lighter than it was before, and leaves behind it a good 
deal of new Faces, that will not riſe in this ſecond operation: And if you then 
take this Oil thus rectify'd, as the Artiſts call it, and expoſe it to the Fire in 
the very ſame manner as you did the former, it will take fire, yield leſs ſmoke 
whilſt it is burning, and the quantity of the Fæces that ate left behind, will be 


| a great deal leſs than before. And as for thoſe that remain in the Water after 
; this ſecond diſtillation, they are nothing near ſo combuſtible as this rectify'd 
. Oil. Hence, therefore, it appears, that the inflammable matter is by this 
means diminiſhed, but at the ſame time, that part of it which remains, becomes 
much more diſpoſed to feed and ſupport Fire. If the purification now of this 
Oil by diſtilling it in boiling Water, is frequently repeated, then at laſt, a large 
quantity of this Oil, that was at firſt look'd upon as inflammable, will appear 
„tio be of an earthy Nature, that will not ſo eaſily burn in the Fire: In the mean * 
© time, however, the Oil that riſes in diſtillation, and is ſeparated from the new 
| WE Faces, grows every time lighter, finer, and more limpid, burns away with a 

clear Flame, generates leſs Smoke, and leaves behind it leſs Fæces, than it did 
b in any preceding operation. And this may be proſecuted ſo long, till this Oil 
n becomes fo vaſtly ſubtil, that it will at laſt almoſt conſume without any Smoke 
8 or Fæces at all. But again, if you take this diſtill'd Oil after it has by this 
ö means been rendered totally inflammable, and put it freſh into a clean glaſs Re- 
le tort, and with a gentle Fire gradually increaſed, carefully diſtill it again, and re- 
re peat this frequently as before; then, as the famous Boyle has taught us, the 
Ys greateſt. part of this Oil will be changed into earthy Fæces, that are left at 
1s the bottom, and are not very combuſtible ; but the Oil that ſtill remains, be- 
7 comes every diſtillation, purer, and more inflammable, ſo that it burns away 
er in form of Flame, without any conſiderable Smoke or Fæces. If then all the 
n, Feces that are left behind after every diſtillation are collected together, and tor- 
re rify*d, and made red in an open pure veſſel, they'll emit Sparks, and Smoke, 
t0 and ſometimes Flame, and at laſt will moulder away into Aſhes that are abſo- 
n, lutely incombuſtible. Theſe Experiments now, Gentlemen, I beg you will 
r- conſider very carefully: For hence we may already diſcover, how ſmall a por- 
tion of this Oil, when pureſt of all, truly burns away in Flame, without 
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Smoke or Faæces, that is, is totally and perfectly combuſtible. And this will 
be of ſingular ſervice in helping us to an accurate knowledge of the nature of 
Fire, conſidered as it acts upon this its Pabulum, and as it is likewiſe affected by 
it. This then being rightly underſtood, pleaſe to give your attention to an 
Experiment of another kind. Obſerve this live Coal, which as you ſee, is 
very full of Fire: I'll put this now into this copper Veſſel, and pour upon it 
this cold ætherial Oil of Turpentine, which of all Oils is eſteem'd the moſt in- 
flammable; and you ſee, contrary 'tis probable to your expectation, that 
this red Coal is as ſoon extinguiſhed with a Smoke and Hiſs, as if it had been im. 
merſed in Water. So that hence it appears, that Oil is not ſo ſoon lighted 
by a live Fire as people generally imagine; but in order to this, there are 
ſome particular circumſtances requiſite in the application of them to one ano. 
ther, It is very likely you may imagine, that Flame 1s neceſſary to ſet it on 
Fire. To try then, whether this is the caſe or no, I have diſpoſed a Candle 
as you ſee in this veſſel, in ſuch a manner, that the extremity of the Flame 
is below the brim; and hence, if the veſſel is fill'd with Oil, the Flame will 


be below the ſurface; I'll pour in now the ſame pure diſtill'd Oil of J urpen- 


tine till the Flame is cover'd, and you ſee it is perfectly extinguiſh'd, nor does 
the Oil take Fire, But again, I have heated ſome of the ſame Oil in another veſſel, 
till it ſmokes and is ready to boil, into which you ſhall ſee me throw this 
little glowing Coal: Don't you all now certainly expect that I ſhall ſet it on 


fire? Nothing leſs ; but it ſinks as you perceive with a noiſe, and goes out, 


And laſtly, PII invert this burning Candle, and thruſt it into the ſame almoſt 
boiling Oil; and here again you ſee that it is perfectly extinguiſh'd without 


lighting the Oil, or being lighted by it, contrary to what one would imagine. 


But thoſe vegetable Oils remain ſtill to be examined that are drawn from them 
by diſtillation, without the addition of Water, which have a fetid empyreuma- 
tical ſcent, are opake, and of a thicker conſiſtence. Theſe now, if they are 
managed in the ſame manner as the diſtill'd Oils abovementioned, exhibit ex- 
actly the very ſame Phenomena. At firſt they are inflammable, burn away, 
emit a great quantity of black Smoke, and leave behind them a great deal of 
Faces ; but afterwards, by repeated diſtillations, they become purer, lighter, 


more limpid, more inflammable, yield leſs Smoke, and leave fewer Fæces, and 


every operationare depurated more and more, and grow more combuſtible. And 


when by this means they are rendered like the eſſential Oils, they are perfect 


affected by Fire in the ſame manner. Since then all theſe things are conſtantly 
obſery'd to hold true in every vegetable Oil, exiſting in what condition ſoever ; 
whether it is naturally concreted in ſome parts, or naturally ſecreted in others, 
as Gums, Balſams, Reſin, and Pitch; or procured by diſtilling the Vegeta- 
bles; or laſtly, by burning them: I ſay, ſince what we have ſaid holds good 
of them all, we may hence form a true notion of the matter that is chiefly 
combuſtible, and hence be able to draw a great many inferences that are abſo- 
lutely neceſſary to a juſt Hiſtory of Fire; and which indeed, if we are not 


firſt well acquainted with, we ſhall certainly run into a great many errors, if 


we pretend to explain either the nature of Fire, or combuſtible Matter, If 
we rightly underſtand now, what has been laid down concerning that part of 
Vegetables, which alone, is really burnt when they are ſet on fire, viz. their 
Oil, or as it is calPd, their Sulphur, we ſhall then be able hereafter to proceed 

| more 


* 
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more readily in the reſt: This therefore I recommed to your careful conſidera- 
tion, as it will be of ſervice to us in our future inquiries. A 

If any kind of Vegetables are burnt in the Fire to ſuch a degree, as to be 
glowing red quite through, but are not yet reduced to Aſhes, then, if they are 
on a ſudden ſuffocated in cloſe Air, extinguiſhed with Water, or buried deep 
under Aſhes, or any other Bodies that exactly cover them, they loſe their 
Fire, and are changed into a Body that is perfectly black, after you have 
ſhook off the Aſhes that may poſſibly lie upon their outward Surface ; and the 
Body thus prepared is called a Coal. Again, if you take any fort of Vegetable 
whatever, put it into a metal, earthen, or glaſs Receiver, and with a violent 
and long continued Fire, urge it fo long till ſcarce any thing more will come 
over into the Receiver; then, if the veſſels were ſo perfectly cloſed that not the 
leaſt Air could find admittance, there will remain at the bottom of the Retort, a 


| Vegetable ſubſtance intirely black, which is likewiſe a true Coal, exactly of the 


FF 


Sixthly, of 
the Coal» 


ſame nature with the former. Now either of theſe, if it is laid upon the Fire 


when it is throughly dry, very readily takes fire, retains it ſtrongly when it's 
once kindled, burns as long as any blackneſs remains in it, and thus almoſt to- 
tally conſumes without any Smoke : during all this time, however, it emits an 
exhalation, which if received into a cloſe place, quickly, and inſenſibly, proves 


fatal to every kind of Animal; nor does it at all ſignify, whether the Coal is 


prepared from Plants, Woods, or bituminous Turfs. When every thing then, 


that was black in the Coal is thus conſumed by the Fire, what remains is a 


whitiſh Powder, which goes by the name of Aſhes, and which it is impoſſible to 


excite into a Flame by the application of any degree of Fire whatſoever : The 


moſt you can do with them, is uniting Fire with them in the ſame manner, as 
you may with Metals, Stones, and the like, which we gave an account of be- 
fore in our Hiſtory of Bodies, that are capable of retaining Fire without being 
conſumed, In this affair now, it is particularly remarkable, that the Coal 


then only grows unfit to feed the Fire, when it changes its black Colour for this ci- 


neritious one, it conſtantly affording a Pabulum, ſo long as the former remains. 
This we ſee evidently in that common, yet elegant Experiment made with that 
exceeding fine vegetable Coal, Paper, when burnt to a blackneſs: For if a 
Spark falls upon ſuch a black Paper, it ſoon begins to run up and down in form 
of a fiery Spark, and leaving thoſe places that are whitiſh, and will no longer 
burn, it perpetually ſhifts about to thoſe that are black, which it in like manner 
conſumes, and then quits for the next black Spot, till at laſt by this means, all 
the blackneſs being perfectly deſtroyed, there remains the form of a very 
thin Paper, conſiſting purely of white Aſhes, which in ſome meaſure ſtill co- 
here together. A vegetable Coal, therefore, is that part of Vegetables, from 
which the Fire has expell'd the Water, Spirits, volatile Salts, and ſome of the 
lighter Oil that is not ſo cloſely united with the other parts; and in which 
there ſtill remains an Earth, and fix'd Salt, whoſe increaſed Surfaces the Fire 


has covered over with a rarified attenuated Oil, which by burning has acquired 


a black Colour : For all that appears black in the Coal is purely Oil, which 


being put into a rapid motion, and greatly expanded by the action of the 
Fire, was in ſome meaſure extricated from thoſe parts that were not inflammable, 
tho? not perfectly freed from them, and hence being neareſt to the Flame, and 
attracted towards the Surface, upon this ſudden extinction, it remained apply'd 
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to the exteriour Superfices of thoſe little cells, in which the Water, Spirits, and 
volatile Salts reſided before the Coal was thus prepared. From what has been 
obſerved then, we may at laſt conclude, that the combuſtibility of Coal, con- 
ſiſts intirely in the Oil that remains united with it, the other parts being by no 
means capable of flaming or burning ſo as to be conſumed by the Fire that 


1s received into them, as thoſe Bodies are, which are a proper fuel for Fire, 


But not to omit any thing this 1s rat; N to make this Hiſtory fair and 
compleat, let us yet farther examine theſe very Aſhes that remain, after Ve. 
getables are thoroughly burnt. Theſe now, if they are produced from pure Vege- 
tables, will be almoſt always of a pretty white colour, and a ſalt taſte, a few as 
I hinted before excepted. If you boil theſe Aſhes in Water in a clean veſſel, 
the Lixivium will have an acrid, alcaline, fiery, urinous taſte, If you, then, 
pour off the Water that is thus impregnated, and add more freſh Water to the 
remaining Aſhes, boil this again as before, then pour off this, and put on 


more, and repeat this operation, till at laſt the Water that is thus boiled with 


the Aſhes comes off as inſipid as it was poured on; then, if you mix all theſe 
Lixiviums together, and evaporate them to a dryneſs, you will always have ar 
the bottom of the veſſel an acrid, alcaline, fiery, fix'd Salt: This now will 
grow perfectly red hot in a ſtrong Fire, and retain a lucid Fire in it for ſome 
time, but will never ſupport Fire, excite Flame, or be itſelf conſumed b 


them as a proper Pabulum. Fix'd alcaline Salts therefore are incombuſtible; 
as Stones, Sc. | 7 


But let us now look back to that part of the Aſhes, which after the ſepara- 


tion of all the Salt, remains at the bottom of the Water; and this, if it is care- 
fully dry*d, and kept perfectly by itſelf, is found to be a light white Earth, vaſt- 
ly ſimple, and exceedingly immutable by the action of the Fire: This evidently 
appears in the Cupels, which are made of theſe Aſhes, with the addition only 
of Water ; for theſe, when they are expoſed for a long time, to a very intenſe 
Heat, grow red hot as other incombuſtible Solids do, but the Earth itſelf. will 
never burn, flame, or ſupply the Fire with a proper Pabulum. 

Thus, then, we begin by degrees to diſcover what parts of Vegetables it 
really is, that properly feeds, and ſupports Flame, and Fire, and which muſt 
neceſſarily remain in the Fire ſo long as it continues to flame, or burn. But 
farther, whilſt Vegetables are thus on fire, there conſtantly riſes from them a 
denſe Smoke, which at firſt is watery and thin, grows thicker and thicker 
every moment, at laſt grows very black and denſe, and then is blackeſt and 
denſeſt of all, when the Flame is juſt appearing, which generally ſoon breaks forth 
with a crackling noiſe; and as ſoon as ever the Flame appears, the Smoke imme- 
diately diminiſhes, and ſo much the more, as the Flame is more vivid; fo that 


when it is brighteſt of all, the Smoke ſeems quite to ceaſe riſing, tho' even 


then, indeed, we are ſure that there is actually Smoke, Hence, therefore, it ſeems 


probable, that Smoke is a confuſed mixture of different parts of the vegetable 


Pabulum of Fire, which are put into a violent motion by the action of the Fire, 
are carried upwards, and agitated among one another, but not thoroughly 
ſet on fire: If this action, however, is continued, and increaſed, and thele 
Particles are urg'd with a ſtronger Fire, they then grow red hot in the Air, 
the Smoke 1s converted into Flame, and the Particles of the Smoke being now 
grown bright, and at the ſame time. vaſtly attenuated, appear purely . 

. And 
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And hence, likewiſe, it is evident, why a vivid Flame, when it encompaſſes 
the whole burning matter, ſeems to conſume all the inferiour Particles that 
are agitated by the Fire, in the form of Flame, without any Smoke ; for it is 
certain, that except the watery part, Smoke may be totally changed into Flame. 
This, indeed, has long ago appeared to be true, by that elegant Experiment 
of the Focus Acapnos; in which, one may evidently ſee, that the black Smoke 
which riſes from burning Vegetables, 1s in reality a Coal, which is combuſtible 
in a ſtrong Fire, or great Flame: For when it is expoſed to either, it is re- 
duced to mere Aſhes, or its matter is ſo far attenuated, that it eſcapes our ſen- 


ſes, and is diſſipated into the Air, 


The Inventor of this Inſtrument was that ingenious Artiſt Daleſinius, who 


contrived it in the Year 1686 at Paris, as we have an account in the 116th 


Page of the Journal des Scavans, publiſhed that year. The famous Juſteleus af- 


' terwards firit publiſhed a Cut of it in the Philoſ. Tran/. almoſt at the ſame time, } 


which is as follows. ABCD is a hollow Cylinder made of Plates of Iron, open 
at both ends, within whoſe inferiour Baſe BD, there is fitted the Grate BD. This 
Cylinder, which is the Fire-place of the Inſtrument, is joined to the cylindric 


Tube EFG, in ſuch a manner, that there is a communication between their 


Cavities. And this Tube EFG, which is of the ſame capacity with ABCD, 
made of the ſame Metal, and in the ſame manner, is open at G, and cloſe at 


E. If then the Tube EFG is made very hot, and ſome live Coals are laid on 


the Grate BD, and over them ſome combuſtible matter, then the Flame that is 
produced, will deſcend into the Tube EF, and paſs through FG, and all the 
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Heat will go out at G; and the Smoke likewiſe that is generated following the 


ſame courſe through the Tube EFG, will be forced to paſs through the 
Flame that fills the whole Tube; and hence, being acted upon by the Fire in 
all this paſſage, it will loſe the thickneſs and diſpoſition of Smoke, will be con- 
verted into Flame, and in this form paſſing out of the Aperture G, will diſap- 
pear, without any viſible Smoke, or Soot. The famous De la Hire has added 


ſome Notes upon this Machine in the place in the Journal above cited. In or- 


der now to give you an ocular demonſtration of the ſame thing, I have provi- 
ded this Inſtrument which is made of Plates of malleable Iron. ABCDEF, 
is a hollow veſſel conſiſt ing of five equal iron Plates well ſoldered together, 
and open only at the top ABCD. At the height EI within. this veſſel 


there is a Grate IKLM. In the ſide DF, there is an elliptic Hole NO, of the 


breadth MK, and height EI, to which is joined the Tube OGH, open ar 
ON, and H, and every where of the ſame capacity. Pleaſe now to obſerve 
the effects of this Machine. On the Grate IK, I lay ſome live Coals, that the 
veſſel may grow hot; and that the Air in the cavity of the Tube NOGP, may 
at the ſame time be heated likewiſe, I put ſome more on the part of the Tube 
NP. As ſoon as ever now the Air below the Grate, and in the Tube NOGP 


grows hot, the Heat that was produced by the Coals above the Grate in the 


veſſel CK is diminiſhed; and the Heat in LF below the Grate, and in the 
Tube NOPG, is in proportion increaſed ; ſo that now you obſerve the force of 
the Fire, with its little Flames, tend downwards, by which means a new de— 
gree of Cold 1s generated above the Coals that are laid on the Grate. The 


+ Machine then being thus prepared, when ! lay this Straw upon the Coals, you 


ite with what rapidity the Flame drives downwards through the Grate, and 
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through all the Tube OGH, ſothat it breaks out at the top H, without Smoke, 
and there produces a very great degree of Heat ; whilſt at the ſame time 
the ſpace CK continues cold. But farther, whilſt I add Wood, Turf, Sul- 


phur, and Oils, it proceeds exactly in the ſame manner, and the force of the 


Fire is ſo great within the Tube, that the Tube you ſee is now red hot, and 
the Fire burns with ſo much fury and rapidity, that one may hear the noiſe 
that is produced by the agitation of the Flame. You take notice too, at 
the ſame time, that theſe Bodies, which commonly, when they are burnt, 
diffuſe an intolerable fetid, or a very agreeable ſcent, now they are laid on this 
Fire, don't diſcover any ſmell at all, but perfectly conſume without the leaſt 
ſign of it, leaving nothing behind them bur pure Aſhes at the bottom of the 


veſſel under the Grate. All the other parts are driven by the force of the Air 
_ preſſing upon the Aperture of the Fire-place, into the Tube which is 


higher, and narrower than the Veſſel that contains the Fire; fo that all the 
Flame, and the power of the Fire, exerts it ſelf within the ſpace LFOGH ; 
and hence, the combuſtible parts that are reduced into a very denſe Smoke 
by the action of Fire, are now carried through this pure Flame, and 
not into the open Air; by which means, being thus ſtrongly agitated by the 
violence of the Fire, even within the Fire itſelf, they are ſo attenuated in their 
paſſage, that every part of them that was combuſtible, or could be ſo divided 
by the motion of the Fire as to become perfectly imperceptible, is diſſipated 
into the Air, without diſcovering the leaſt ſign of any particular quality. Smoke 
therefore is combuſtible matter, exceedingly agitated, but not yet ſhining, or 
red hot; Flame is the very ſame matter, only thoroughly red with heat, and di- 
vided into very minute Particles. But it appears likewiſe by other Experiments 
that Smoke is inflammable. If you take, for inſtance, ſhavings of Guaiacum, 
and with a ſtrong Fire force it out of a Retort in a denſe Smoke, then, in the 
end of the operation when nothing riſes by the action of the Fire but a very 
attenuated and rarefy'd Oil, if this Smoke inſinuates itſelf through the cracks 
of the Lute, and a Candle is apply'd to it, it immediately takes fire, and 
flames, and that not without a great deal of danger. And the ſame thing is 
true of all parts: of Animals, if they are treated in the ſame manner. Hence, 
therefore, Smoke comes neareſt to Flame, and the blacker it is, it comes fo 
much the nearer ; for then it becomes a true Coal, exceedingly thin and at- 
tenuated, perfectly volatile, and eaſily combuſtible ; as any one may eaſily un- 
derſtand from the Hiſtory of Coal, that has been already delivered. And 
hence, therefore, laſtly, there is nothing in Smoke that ſupplies Fire with any 


Pabulum, except the Oil; but this will appear more evident hereafter. 


In the laſt place, in the burning of combuſtible vegetable Matter, the Smoke 


which is carried upwards applying itſelf to the ſides of the Chimney, inſtills in- 


to them a penetrating black pinguious moiſture, changes them of a very black 
colour, and faſtens to their outſide in form of black, looſe flocks, that eaſily 
drop off; and the matter thus collected is called Soot. This now is in reality a 
true volatile Coal, but exceeding fat, and hence if it is dry, it is very eaſily 
inflammable, Ir is exceſſive bitter like Oil that is burnt; very pinguious from 
the quantity of Oil it contains; and from this Oil's being burnt, is very black, 
as all other Coals are. This matter now, tho' it appears thus ſimple, if it is 


_ nicely reſolved into its parts by a chemical diſtillation, in the firſt place yields a 
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Water, in pretty great plenty, which being carefully ſeparated and collected, 
extinguiſhes both Flame and Fire. And the very watery Vapour that thus 
exhales in this firſt diſtillation puts out Fire intirely ; ſo that you can ſcarce- 
ly properly call it a Spirit. If you then increaſe your Fire, there comes over 
from this Soot, a large __ of yellow, inflammable Oil, which yields a 
plentiful pabulum to Fire and feeds and ſupports Flame. That part likewiſe 
of this Oil which is exceeding ſubtil, and goes by the name of a Spirit, is 
in the ſame manner inflammable. But it farther yields, too, a very volatile 
Salt, one leſs volatile, and then one that is drier ; from all which if you per- 
fectly ſeparate the Oil and Spirits, juſt mentioned, you will find nothing at all 
in them that is any ways inflammable, but only a Salt that is incombuſtible. 
And laſt of all, this analyſis will give you a Coal, which we have ſufficient- 
ly conſidered already, under our ſixth and eighth Obſervation. Hence there- 


fore it appears, what Soot is, and what part of it is really combuſtible. If 


this Soot now 1s taken dry from the Chimney, and thus laid on the Fire, 
it burns fiercely, and breaks out into Flame, in the ſame manner as any other 
combuſtible matter does; which perſons experience, ſometimes, to their 
great danger, when they let their Chimneys go too long without ſweeping 3 
for the Soot being, by this means, collected in large quantities, frequently takes 
fire, and flames out of the top of the Chimney. 

From all theſe Obſervations, then, that I have fairly related to you, we 
plainly perceive, what part of crude Vegetable it is that is properly inflam- 
mable, and may be eſteemed a true Pabulum of Fire, viz. the Oil alone, 
and that, in what form ſoever it exiſts, whether in a thick one, or a thin 
one, like that of Spirits. 1 

Since every thing, however, muſt be conſidered and examined that will give 
us any light into the nature of Fire, and that it may be perfectly evident, what it 
is in Vegetables that properly and ſolely yields a matter proper for the nouriſh- 
ment of Fire, let us now ſuppoſe, that we certainly knew, from what has 
been premiſed, that there is nothing contained in crude Vegetables that will 


feed and ſupport Fire, and is, at the ſame time, capable of being diſſolved in Water. 


But if we will turn our ſpeculations farther, to the vegetable Subſtances, that, 
by a true chemical fermentation, are produced from thoſe Vegetables that are thus 
diſpoſed to ferment, we ſhall then find, that by this method a liquor may be pro- 


duced from them, which goes by the name of Wine; this, now, when it is fined 


according to Art, and hence rendered pure, if it is thrown upon a large Fire, 
will ſoon intirely extinguiſh it; nor is it any way fit to ſupport Flame. Nay, 
and after you have examined it in this manner, if you put it into a clean glaſs 
veſſel, and, with a very gentle Heat, evaporate the. moſt volatile part of it, and 
reduce it to a Fume ; even this, if you apply a Flame to it, will ſcarcely burn, 
but on the contrary, for the moſt part, rather puts it out. 
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But if this Vapour, when it is afterwards grown cold, is collected in form pu is Stute 
of a liquid, and this is treated in the ſame manner as the former, then this does, 


will yield a liquor that may be mixed with Water, and at the ſame time will 
perfectly take fire, will afford a plentiful Pabulum to Flame, and be itſelf 
conſumed in it. That part of the Vegetable, now, that is ſeparated from 
the Wine, whether in form of Lees, or the Ræſiduum in the diſtillation juſt men- 


tioned, if it is examined by the fire, will yield almoſt the ſame parts, which 


are 
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are found to be procured from crude Vegetables, under the ſame management, 
By this inſtance therefore it appears, that by Fermentation there is generated 
from Vegetables, a liquor that will mix with Water, and feed Flame, which 
did not really exiſt in them, when they were crude. 

But it will be worth our while to examine Vegetables whilſt they are ma- 
naged in another manner, different from the former. If Vegetables then are 


thrown into large heaps, when they are juſt cut down, and full of their na- 


tural juices, or are diſpoſed under the ſame circumſtances, in great wooden 
veſſels, cloſe and hard prefled down, they will there grow warm, then very 
hot, and emit a watery Fume, a diſagreeable Smell, a black Smoke, Flame, 


and Sparks. On the other hand, if they are expoſed to air after they are mow'd, 


till they are grown ſufficiently dry, then, though you heap them together in 
the ſame manner, they will continue dry, and will not undergo the ſame al. 
terations : But however, even in this caſe, if you pour Water upon them, 
till they are thoroughly moiſtened, they will conceive Heat, and take fire in 
the ſame manner as the green ones juſt mentioned. After Vegetables, now, 
have by theſe means acquired this ſpontaneous Heat, and retained it for ſome 
time, if they grow cold again, without taking fire, they then are found to 
be quite putrified, and converted into a fetid, pappy Matter. If then you 
diſtill this putrified Pulp, the firſt part that comes over will be a watery Va- 
pour, which will extinguiſh Fire and Flame: And when this firſt watery li— 
quor is drawn off, if you expoſe the remaining dry parts to an open Fire, 
they will yield almoſt all the ſame principles as crude, or fermented Vegetables 
do in the ſame circumſtances. | 

But laſtly, if you take Vegetables that are perfectly putrified, and diſtill them 
in a Glaſs retort with a moderate Heat, till they are become nearly dry, 
you will then have firſt a fetid ſubpinguious or cloudy Water, in which there 
is found to be contained a volatile, alcaline Salt, tho' then intirely diſſolved; 
and indeed it is rather from the admixture of this Salt, than from any true Oil 
that the Liquor appears thus pinguious. Whether now this Water thus im- 
pregnated with Oil, is thrown upon the Fire ; or whether you firſt reſolve the 
compound Liquor into a purer Water, and its Salt, and then throw both 
theſe ſeparately upon Fire, the Event in both Caſes will be exactly the ſame; 
for in both the Fire will be extinguiſhed. 

But again, when this firit Liquor is ſeparated, and the putrified Matter re- 


mains now almoſt dry in the Retort, if you urge the Reſiduum ſtill further 


with a ſtronger Fire, there will come over a fluid, oily, thin Liquor, which 
ſwims upon Water, is fetid, and yields a Pabulum to flame, like Oil, or Spirit 
of Wine. After this Spirit, or fine Oil, is drawn off, if you ſtill increaſe your 
Fire, then a volatile, alcaline Salt, and an Oil thicker than the former will riſe 
together in a conſiderable quantity. And here again, as the Oil is found 
to be inflammable, ſo the Salt appears perſectly otherwiſe, But farther, if 
when you have ſeparated all theſe, you ſtill urge the Reſiduum with a ſtron 

Fire, and continue it a good while, you will have another Oil, {till thicker, and 
more tenacious, almoſt like pitch, which is exceedingly combuſtible: And at 
the ſame time there will come over a denſe Vapour, which, upon the Applica- 


tion of a lighted Candle, will inſtantly take Fire in the open Air. This being 


done, if the Flite is ſtill conſtantly kept up to its greateſt Degree, you will at 
| „ laſt 
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laſt force out a Phoſphorus, which, though it is not of ſo ſolid a Form as that 
which is procured from animal Subſtances, yet it comes very near it in a great 
many of its Properties. Laſt of all, when this fluid Matter is intirely gone 
of, there is then left in the Retort, a very black Coal, ſuch as we deſcribed 
before, in which there remains indeed a black inflammable Oil, but not the 
leaſt appearance of any fixed Salt. 

If we thoroughly underſtand then what has been laid down, we may boldly Conclufon 
and ſafely determine, concerning all the parts of Vegetables, naturally contained ancher ius 
in them, that are endued with ſuch properties, that if Fire is applied to them, combuttible 
they may be conſumed into Flame, and will ſo long feed and continue Fire in Y. 
that place; as likewiſe of thoſe which may by certain methods be procured from 
them, or produced in them, ſo as to diſpoſe them to have the ſame effect. It 
is evident then, that amongſt theſe Parts, the Water, the native Spirits, as they 


are called, all the kinds of Salts, and the Earth of Vegetables, are capable cf 


being heated by Fire, and hence of admitting Fire into them, and of retaining 
and preſerving it there for a conſiderable time, but this only under the limita- 
tions above mentioned. The Fire likewiſe, when it is thus united with them, 
may, by the help of them, be at pleaſure communicated to other Bodies: 
And the fixed Salts may, by a ſtrong Fire, be heated thoroughly red hot, and 
will retain this ſhining Heat a conſiderable while. In the mean time however, 
neither of theſe four Parts can, by any contrivance whatever, be raiſed into 
Flame, or, by the application of Fire, be conſumed in it, in the ſame manner 
as thoſe Bodies are which are generally called the Pabulum of Fire. But 
farther, the Oils of Plants of what kind ſoever, their Balſams, the Gums that 
are generated in them, the Reſins likewiſe, and the Subſtances compounded 
of theſe two laſt together, hence called Gummy-reſins; theſe five other ſorts 
of Parts, I ſay, that are found in Vegetables, are diſpoſed likewiſe to grow hot 
with Fire, to retain it a great while, to apply it to other Bodies, and that without 
taking Fire, or flaming themſelves ; though if you urge them with a ſtronger 
Fire, they will melt, boil, and yield a true Pabulum to Flame or Fire. But 


yet even in this caſe, their Inflammability is only confined to thoſe particular 


parts of them that are of an oily nature; for all the reſt are chiefly of an 


earthy diſpoſition, and are only acted upon in the ſame manner as the former 


which we juſt deſcribed. 

But the vegetable Spirits now that are generated by Fermentation; the other 
Oils that are drawn from firmented Vegetables; and laſtly, the Spirits and 
Oil that are procured from Vegetables by putrefaction; all theſe, I ſay, conſi- 
dered as they are perfectly pure Spirits, or Oil, are conſtantly obſerved to 


de abſolutely inflammable. It evidently appears therefore, from every kind of 


experiment, that the Oils of Vegetables, in what Form ſoever they exiſt, are 
the only Matter contained in Vegetables, that without the addition of the 
other Parts is capable of being ſo agitated by Fire, as by its aſſiſtance to 
produce true Flame, and then to ſupport and continue it ſo long as any 
of theſe oily particles ſtill remain: That in the mean time this very Matter 
is by degrees conſumed by the Flame, and diſappears; and that then too the 
Flame immediately goes out. And though this Oil is found in Vegetables to 
nave very different appearances, and undergoes conſiderable alterations from 
various cauſes z nevertheleſs, in the ſenſe above explained, fo long as it re- 
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mains Oil, it will always continue to be inflammable. And yet farther, when 
by Fermentation or Putrefaction this Oil is fo attenuated as to be reduced to 
very ſubtil Spirits, that will bear to be diluted with Water; even theſe Spirits 
like wife are intirely inflammable, and as a Pabulum of Fire have the very ſame 
effect which we juſt now obſerved of real Oil. But whenever now you have 
perfectly extracted every thing that is of an oily nature, either from the 
whole Vegetable, or from any of its parts, then the remainder, treat it in 
whatſoever method you will, can never be made ſuſceptible of Flame, or ca- 
pable of ſupplying it with any nouriſhment. In the mean while, however, 
the watery, ſpirituous, ſaline, and earthy parts, as they contain and confine 
theſe Oils within them, muſt neceſſarily, when the Oil is ſet on fire, be agitated, 
put m motion, vibrate, and very inuch increaſe the * of the Fire; for 
whilſt this is ſupported by the Oil, this violent agitation of all their particles 
will of conſequence excite a prodigious attrition in the very Flame itſelf; 
and hence, being thus agitated, they will apply the Fire more forcibly to 
any other Bodies, And laſtly, they ſerve for a time to defend the Oil it- 
ſelf from being too ſoon conſumed by the Flame, that thus the Pabulum of 
_ Shed might not be ſo quickly deſtroyed and diſſipated as it would be 
otherwiſe. 


Whoever, therefore, duly conſiders all theſe effects, will eaſily ſee that the 


force of a Fire raiſed by Vegetables, does not depend only upon elementary 


Fire, and the Oil ſet on Fire by it, but principally, and moſt of all, on the 


other parts that are incombuſtible, but which at the ſame time are agitated by 


the Fire with a vaſt impetus within the ſphere of its activity. And for this 
reaſon, when elementary Fire acts upon the pureſt Alcohol, which is the ſim- 
pleſt of all combuſtible matter, it then neither produces ſuch violent effects, 
nor ſo much Heat as it does by a ponderous foſſil Coal, a great part of which 
is not inflammable. Nay, even a Torch made of the rich, pinguious wood of 
the Pine, gives a ſtronger Fire than its Oil, let it be ever ſo pure, or be 


ſeparated ever ſo carefully from all thoſe parts that are not combuſtible. 


And thus we underſtand the reaſon of this paradox, that pure Fire, ap- 
plied to inflammable matter alone, very often produces a leſs degree of Fire 
than if the inflammable matter was mixed with ſomething elſe that was not 
ſo. Hence, the wiſe Author of Nature has no where created any inflamma- 
ble ſubſtance by itſelf, but always diſpoſed it in the boſom of ſome other Bo- 
dies that are not combuſtible, that by this means it may be capable of pro- 
ducing greater effects. As the right notion of this now is of very great conſe- 
quence in our preſent inquiry, give me leave to explain it to you in the follow- 
ing manner: When a pinguious piece of Wood is laid upon a Fire, the Oil 
that is contained in it, in conjunction with the Fire, is capable of exciting, 
and really does excite a Flame. This then being thus produced, plays upon 
the ſurface of the Wood, attracts, fires, conſumes and converts into new Flame 


all the Oil that lies open and expoſed to its action; and hence the firſt Flame 


is ſupported, and conſtantly increaſed, ſo long as this Oil comes within the 
ſphere of its activity. The Salt in the mean while, and Earth, that are inti- 


mately united with this burning Oil, will at the ſame time be attenuated, 


and reduced to very minute particles, by the rapidity of the Oil, and will 
hence be agitated with more violence within the Flame, than even the Oil "ſk, 
i an 
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and ſuffer as vehement an attrition as any we are acquainted with. This vio- 
lent attrition then of theſe particles, that are exceeding hard, and are ver 
forcibly compreſſed together by the weight of the atmoſphere, will of MD 
c e fire in this place, and thus make it both larger and ſtronger ; 
and of conſequence will ſtill put this Oil in a more rapid motion; which will 
very eaſily account for the vivid appearance of the burning Fire. Whilſt theſe 
things then proceed in this manner, the ſolid body of the Wood grows hot 
to its very innermoſt parts, diſſolves, rarifies, expels the elaſtic parts contained 
in it with a very great impetus, pours out its melted Oils, and by theſe ſuc- 
ceſſive actions continues and maintains the Fire ſo much the longer. On the 
other hand now, if exceeding pure Oil only is kindled by the application of 
Fire, then the tenacious, oily. particles alone will be rapidly agitated by the 
elements of Fire, which being of a ſofter nature than the Salts, Earth, &c. muſt 
. neceſſarily produce leſs attrition, and a weaker Fire. They will, it is true, 
burn away faſter; but then their impetus will be of ſhort continuance, nor 
will they collect Fire ſo powerfully, as when they are mixed with ſomethin 
that is not inflammable. And thus I think I have ſufficiently explained what 
is the true pabulum that Fire receives from Vegetables. He 
It will be our buſineſs then in the next place, to examine with the utmoſt ofthe man- 
© attention, what it is that nature is really effecting, whilſt this matter which we Fm 
have deſcribed in the Vegetable Kingdom, is ſo apply*d to Fire, as to feed and by this Pa- 
A ſupport it. And upon this head, certainly, I have not taken a little pains to an. 
come at the truth. After conſidering the affair then in every light, I have di 
cover'd, firſt, that all thoſe parts of Vegetables, that in conjunction with Fire | 5 
are capable of exciting a true Flame, are of that nature, that they will bear to 1 
be mixed with one another; eſpecially, if there is no heterogeneous mix- 
ture with the pure, ſimple, inflammable Particles. For to come to the mat- 
ter more cloſely, Alcohol is the only Body that we are acquainted with, that 
is abſolutely inflammable; but this, let it be prepared from what you will, 
if it is perfectly pure, may be intimately united with any other ſort of ſimple 
Alcohol whatever, ſo that there won't appear the leaſt ſign of difference after 
the mixture. All kinds of Oils, in the ſame manner, if they are thoroughly 
depurated, and ſeparated from every thing elſe, may be intirely mixed together; 
as appears by every kind of Experiment. I confeſs, indeed, in ſome Oils pro- 
cured from a ſemi- foſſil Matter, as Amber, and the like, as you increaſe your 
Fire ſucceſſively, the Oils that aſcend, will lie upon one another in diſtin 
Strata, without being mixed together : But you know very well, that theſe pon- 
deerous Oils, that are at laſt forced out by the ſtrongeſt degree of Heat, have al- 
| = moſt the very melted ſubſtance of the Bodies themſelves united with them; 
and beſides, Iam here treating only of Vegetables. All vegetable Oils, then, 
are of that nature, that they'll eaſily bear to be compounded into one liquid 
. © concrete, which will ſcarcely afterwards be found to have any diſſimilarity. 
e But again, all kind of Oils, if they are carefully depurated, may be intimately 
, = mix'd with pure Alcohol, ſo that the Fluid that ariſes from this Mixture will 
de abſolutely homogeneous, all the parts of it appearing perfectly uniform to 
tte niceſt Microſcopes. But here, I take for granted, that there is not the leaſt 
1 > CQrop of Water, either in the Alcohol, or Oil, for otherwiſe ſuch anion could 
„, not poſlibly be expected. But farther, Camphire, which is a ſolid vegetable 
3 = Bb Subſtance, 
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Subſtance, and totally takes fire, will intirely diſſolve, not only in Alcohol, 
but in every kind of pure Oil likewiſe. And the other parts of Vegetables 
that are perfectly inflammable, may in the ſame manner be mixed with Oils and 
Alcohol, and always the more intimately, the more they are purely inflamma. 
ble. In Reſins, Balſams, and Gumma-Reſins, this is every where found to be 
the caſe. And when they are capable of being mixed in this manner, they are 
obſerved to be either naturally fluid, or diſpoſed to be rendered fo by a ſmall 
degree of Heat. How eaſily does Camphire run by a flight action of the Fire? 
And what a gencle Heat is ſufficient to melt Balſams, Colophonies, and Reſins? 
Nay, many of theſe inflammable ſubſtances, are able to withſtand the greateſt 
degree of natural Cold that ever was obſerved, without being frozen, as 1s evi- 
dent in Linſeed Oil, and a great many others. It is particularly remarkable 
now, that all theſe Bodies that are purely inflammable, whether ſeparate, or 
compounded together, by their tenacity conſtantly diſcover a viſcid coheſion 
of their Particles, which does not a little reſiſt their ſeparation. Obſerve, for 
inſtance, this Alcohol, which of all known Liquids is the moſt ſubtil. Don't 
you perceive, that even the Particles of this run down in ſpiral frie, which 
cohere and hang together? If you pour Alcohol into clear Water, you obſerve 
that the Particles of the Alcohol affecting this cohefion run about in the Wa- 
ter in form, as it were, of little Eels, and by their convolutions ſufficiently 
.evince their tenacity: Nay, and even if you dilute Oil with Alcohol, you may 
diſcover the ſame kind of ſtreaks. But it is farther obſerved, that all Oils that 
are inflammable, burn ſo much the eaſier, the more perfectly, with the 
leſs Smoke, and leave the leſs Aſhes behind them, the thinner they are, and 
the nearer, by their exceeding fineneſs, they approach to the ſubtlety of Alcohol; 
which is every where confirmed by Experiment: But at the fame time, the 


_ thinner the Oils are, their Flame is always ſo much the weaker. Thus, Gen. f 
tlemen, I have laid before you a collection of Obſeryations concerning the na- 
ture of che Pabulum of Fire, which are conſtantly found to hold good, and 


which will help to give us ſome light into the manner in which Fire acts up- 
on its Pabulum, and that again upon Fire. And to this purpoſe, let us again 
make uſe of the following Series of Experiments. | 


EXPERIMENT I. 

The extine-. In this clean, braſs, cylindrical Veſſel, is contained ſome very pure cold Al- 

ad 2 cohol, which of all the Fluids that we know. of, is the moſt totally inflammable ; 

»y Alcoho into this, you obſerve, I.dip this Match whilſt it is burning; upon which no 
doubt you imagine the Alcohol will be fet on fire: Nothing leſs; for you ſee 

it is perfectly extinguiſhed, all one as if it was immerg'd in pure Water, But 
again, which is more ſurprizing, I'll immerge this burning ſparkling live Coal We 
juſt taken from the Fire, in the ſame Alcohol; and what is the conſequence? Mt 

Why it is exti1guiſhed in the fame manner as if it had been thrown into cold ; 
Water. But now, if I dip the end of this lighted Match, fo cautiouſly into 
the Alcohol, that ſome of the burning part, which is of a conſiderable length, 
Hall be above the ſurface of the Alcohol, then the attracted Alcohol will 
Ta 7 to take fire, and the Flame will in a little time be diſperſed over all its 
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ape CoROL, I. 

Hence, therefore, it evidently appears, that burning Fire will not ſet fire 
to the moſt inflammable matter that we are acquainted with, except in its up- 
per part only that is contiguous with the Air, but will be perfectly extin- 
guiſhed itſelf, when it is ſo diſpoſed within the inflammable Body, that no 
part of it remains in the Air above its Surface. And yet this very remarkable 
Phenomenon is ſcarcely taken notice of. 


COLEOL 2; 


It is not true, therefore, that active Fire will ſo eaſily kindle even thoſe Bo- 
dies that are vaſtly inflammable. | > 


EXPERIMENT Il. 
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I have filPd the ſame clean Veſſel with very pure Alcohol, which I have The preter- 


heated you ſee till it emits a Vapour ; if I bring now this lighted Match to- 
wards this Fume that exhales from the hot Alcohol, as ſoon as ever the Flame 


of the Match touches the Vapour, it immediately takes fire, flames, and burns, 


and the Flame extends itſelf intirely over the whole ſurface of the heated Al- 
cohol. And this Flame remains ſpread accurately over all the ſurface as a 


firm Baſis, nor can by any Art whatever be made to convert into Flame that 


part of the Alcohol that lies cover'd under its Surface: For all this you per- 
ceive it intire, pellucid, not on fire, but remains under the flaming Surface 
without being conſumed, except ſo much of the Spirits as are ſeparated from 
it by the Heat, and thus raiſed and brought to the Surface that is contiguous 
with the Air; for then theſe, and no other, immediately take fire and flame; 
nor is it poſſible to ſet on fire more at a time, than thoſe which are now ſo 
diſpoſed that they can float in the Air : This I have obſerved moſt evidently ; for 
if the Alcohol is cold, and you light it leiſurely on its Surface, by dipping a 
burning Match in it, as I mentioned before, ſo that ſome part of the Flame 
ſhall ſtill remain above the Surface of the Alcohol; then the Flame that is in 
this manner excited, will be gentle, weak, and very ſmall. On the other 
hand, if this Alcohol is firſt heated, and by this means emits a large quantity 
of Spirits from its Surface, then the Flame will be greater, and burn with 
more ſtrength and violence; for then more Particles coming to the Air may 
be ſet on fire by the Flame. In this Veſſel therefore, the Alcohol will always 
yield more Flame, the more it is heated through its whole Bulk; and of conſe- 
quence, if it is made ſo hot as to boil, then will its Flame be ſtrongeſt of all. 
But again, if the agil Vapours that exhale from a Veſſel of boiling Alcohol, 
and float about in the Air, are confined by any means within a narrow com- 
pals, then if you bring a burning Candle within this ſpace, thus full of Va- 
pours, the whole place will be inſtantly filled with a flaſhing Flame, which 
ſhines for a moment with a faint light, and then tends towards the Surface of 
the Veſſel, and fixing there, ſo covers the exhaling Surface of the Alcohol, 
that no more Spirits can any longer be diſperſed into the former ſpace, or 


be ſet on fire there; for now it is all forced to paſs through the incumbent 


Flame, 


where it is ſo changed, that during its ſtay there, it creates Flame it- 


ſelf, but then, is afterwards converted into a Fluid, that is no longer Alcohol. 


B b 2 | That 


vation of 
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That this is the caſe, I have abundantly learned from Obſervation. And farther, 
this Flame continues to burn ſo long as there is the leaſt drop of Alcohol left in the 
Veſſel, and then it goes out. All the Alcohol, therefore, can't poſſibly be conſumed 
by this Flame at once, but only that part of it which forms the Surface conti- 
guous with the Air. The broader therefore the Surface is, the ſooner, will it 
be burnt up; and conſequently this waſte may be increaſed or leſſened at plea- 
ſure. Thus then we have two methods of accelerating the Flame, and of con- 
ſequence the cofffumption of Alcohol, viz. making it boil, and diſpoſing it 
under a large Surface. This Alcohol now, when it is intirely burnt away, 
leaves no Fzces behind it; nay, if it is perfectly pure, there does not remain 
the leaſt ſpot or ſign of it: Nor in the Surface of the Flame, is there the leaſt 
Smoke that the Eye is capable of diſcerning. Nay, if you hold a very white 
clean Paper over the burning Flame, it will be no ways ſoiled with any Soot; 
bur it will receive only a pure Moiſture. The olfactory Nerves, however, 
will perceive a fragrant ſmell like that of Alcohol. The Flame now of this 
Alcohol, when it burns in a very quiet Air, is of a conical figure; for the 
Fire being ſtrongeſt about the center, elevates the incumbent Atmoſphere in 
that place more powerfully than that does which is towards the circumference JR 
of the Baſe, which is leſs confined and compreſs'd, and conſequently weaker, | 7 
If you look flightly upon this Flame, you'll take it to be blue; but if you 
look upon it very intently, the Baſe of it is always blue, but its Apex appears 
double, the inner of which is conſtantly yellow, but the outer is blue likewiſe, 
But there's nothing, it's poſſible, will ſeem ſo ſurprizing in this Experiment, as. 
what I am going now to ſhew you. You perceive the Alcohol in this little 
Veſſel burns very fiercely ; PII now throw into it this live Coal which is per- 
fectly red quite through; and you ſee in ſinking it is extinguiſhed immediate- 
Iy, nor is able to retain its Fire when it is. cover'd with the Alcohol. What 
now is the cauſe of this wonderful effect? Why the live Coal requires a great 
deal more Fire to keep it burning, - than is contained in Alcohol, whilſt it is 
boiling; and Alcohol when it once boils, cannot afterwards acquire a greater 
degree of Heat. The hotter Coal therefore being flung into this colder Fluid, 
muſt of neceſſity loſe that greater Heat, which was requiſite to keep it on 
fire; and therefore it will be extinguiſh'd or reduc'd to 180 degrees of Heat, 
which are ſufficient to make Alcohol boil, but can never ſet on fire any ſort of 
combuſtible matter, that is, can never, by the aſſiſtance of the Oil of any E 
ſuch matter, produce a. lucid Fire. But farther, as the Coal is totally in- 
merſed in the Alcohol; hence it is intirely kept from any communication with. 
the external Air, and for this reaſon the Coal is not able to ſet fire to the Al- 
cohol, but only with its firſt Impetus puts the Alcohol into a greater motion, 
makes it throw out more of its Spirits, and by this means, as we explained be- 
fore, juſt for that inſtant, increaſes its Flame. If this glowing Coal now had 
been ſo laid on the flaming Alcohol, that one part of it had been above the 


Surface of it contiguous to the Air, then it would have continued burning with 
the Alcohol, and that pretty fiercely. | 


ExPERIMENT III. 
* _ I took a good deal of pains formerly to find out ſome Experiment that ſhould 


poſt = be ſufficiently evident to the ſenſes, by which I might come at the * 
me. | : of 


. 
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. 
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of the action that Fire exerts upon its Pabulum ; and at laſt, I brought the affair 
to the iſſue that I am now going to explain to you. To this purpoſe then, I 
again ſet fire to this pure Alcohol contained in this clean cylindrical Braſs Veſ- 
fel; and thus burning, as you fee, I place it upon this Table, and put over it 
this large glaſs Cucurbit, which is one of the biggeſt that the Glaſs-makers can 
blow for chemical uſes, and whoſe bottom I have carefully cut out in a circular 
figure, ſo that it is now a true Bell, whoſe diameter at bottom is ten inches, and 
whoſe top has an orifice that will admit one's little Finger. This clear glaſs Bell _ 
then thus every way ſurrounding the burning Alcohol, you'll evidently perceive * 

all the Phenomena that I related to you, and ſhew'd you under the former 
Experiment. | | | 
The firſt thing, then, remarkable here is this, that the whole ſurface of This ave] 
the Bell appears, as you ſee, opake, from the action of the Flame burning jimpia chin 


within, ſo long as the Bell itſelf remains cold: But now, as it grows warm Vapour. 
by the Fire that's under it, you perceive that it begins again to look clear. 


By the ſame action continued, it is at preſent actually hot; and it is now 
become perfectly pellucid. If you look ever fo attentively, now, you will not 
perceive the leaſt kind of Fume in the whole cavity of the bell, but the Air 
throughout the whole ſpace appears perfectly clear. And as the veſſel in which 
the Alcohol is contained is cylindrical, hence the Flame, as far as the eye 
can diſcern, continues exceedingly equable, from the beginning to the end, 


At the bottom, however, of the inſide of the Bell, you perceive ſomethin 


— down in ſtreaks, like thoſe ' that are formed in the diſtillation of 
irits. | | ff 
Phi liquor now is by no means the true ſpirit of the Alcohol, for it has a An inieed. | 
perfect watery taſte, But that you may perceive this evidently yourſelves, obſerve on. 
the fine Vapour that exhales through the upper Orifice: This, if it 

was really the Alcohol, raiſed by the Heat, would immediately take fire up- 

on the application. of this lighted match, as we ſaw in the preceding Ex- 
periment; but, on the contrary, when I move it into this exhalation, you ob- 

ſerve the Flame of the Sulphur is extinguiſhed by the Vapour, exactly as if 

it was held in the ſteam of hot Water. But again, PI] put this burning 
Match under the Bell, and thus hold it in the very place where the Alcohol 

is burning, and diffuſing its Vapour; and you ſee, now, that it remains a'light, 

and burning, till it is quite conſumed, but not in the leaſt ſets fire to the 

fumes that riſe from the flaming Alcohol, and fill the whole Bell; which, had 

they retained their former nature of Alcohol, after they had paſſed through 


che Flame, muſt neceſſarily have taken fire upon the application of the burning 


Match. Hence, therefore, it ſeems to appear, that this matter, which, of all that 


we know of, is the moſt inflammable, whilſt it is thus converted into Flame, 


and by this means, likewiſe feeds the Fire, is really changed into another ſub- 
ſtance, which, after this alteration, is no ways capable of ſupporting it any 
longer, but as far as we are able to judge, acquires the nature of Water. 
Did, then, this Water actually reſide originally in the Alcohol, and fo as 
not to be ſeparated from it by any other method than this? Or did the Fire, 
by burning the Alcohol, convert it into Water, by a true tranſmutation ?' 
Or, laſtly, was not this Water, in reality, ſupplied by the Air, during the 
ume that. the Alcohol was. burning? Theſe things, farther 8 

| | Made. 


190 Elements of CHEMIST RV, Part II. 


made by men of judgment, may hereafter determine. But here give me leave 
to caution you, that it's neceſſary, that the Alcohol uſed for this purpoſe ſhould, 
by a gentle diſtillation, in a tall veſſel, be drawn off of the drieſt Alca. 
line, fixed Salt of Tartar, that, by that means, the true Spirit of Wine may 
be freed from all the Water that it is poſſible, by any Art, to ſeparate from 
it; and with this ſort it is, that I make theſe Experiments before you, very 
well knowing, how cloſely the Water coheres with the pure Spirits, even 
with ſuch an union, that is not eaſy to be diſſolved. After I had examin'd 
Alcohol in this manner, I found, that the famous Geofry, the younger, a Gen- 
tleman of great application, and a particular genius for theſe Inquiries, had, 
in the Mem. de P Ac. roy. Ann. 1718, publiſhed ſome very accurate and inge- 
nious Obſervations, which, though made with another view, yet elegantly 
confirmed what I had before diſcovered by the method I have juſt mention'd, 
For my part, I was vaſtly ſolicitous to know what phyſical alteration it really 
is that inflammable matter undergoes, when it is ſo expoſed to fire, as to 
produce Flame, which is the pureſt of all Fires; and what at the ſame time, 
happens to fire, whilſt this combuſtible matter, in conjunction with it, riſes 
intd Flame: For I imagined, if I could once come to a certain knowledge 
of this, it would be a good ſtep towards getting a better inſight into the nature 
of Fire itſelf. For this purpoſe, therefore, I prepared a matter, which bein 
burned in a cylindrical veſſel, and thus being forced to paſs through the Flame, 
that intirely covers the whole ſurface, would totally feed the Flame, and be 
itſelf totally converted into Flame, without Smoke, Soot, or Fæces. When 
this, then, was expoſed - to the pure Air alone, (without the admiſſion of 
which all Flame goes out) and ſo ſet on fire, I found it was intirely 
conſumed into Flame, that this Flame -produced a very fine Vapour, and that 
this Vapour might be condenſed into Water, or, at leaſt, wou'd generate it: 
And thus far I was then able to proceed, and no farther. But. had I now as 
much leiſure as I have inclination for theſe inquiries, I wou'd endeavour, by 
the help of more of theſe glaſs Bells, to collect ſome quantity of the Water thus 
produced; for I obſerved, as you yourſelves likewiſe did juſt now. that far the 
greateſt part of the Vapour paſſed through the upper Orifice, and was by this 
means diſſipated. Over this Bell, therefore, there ſhould be hung another of 
the ſame kind, that this Vapour, likewiſe, might be there received, condenſed, 
and rendered fit for examination. And a third, again, might be ſuſpended 
over this, ſo that by this means at laſt the Vapour might be totally collected. 
The propereſt time, now, for making this inquiry is, when the weather is 
exceeding cold, that the Vapour may be very quickly condenſed by the Cold, 
and frozen in the upper Glaſſes. And theſe Experiments ſhould be likewiſe made 
in a place that is very dry, and not incommoded with wind: Nor do I at all 
doubt, but that the thing will ſome time or other be diſcovered, the know- 
ledge of which is as valuable as any thing in natural Philoſophy, and will be of 
infinite ſervice in the chemical Art. I know, indeed, that the worthy Gegfry 
has inferred from his Experiment, that he could procure from pure Alcohol, 
by converting it into Flame, more than half its quantity of Water; and it is 
certain, that he did exhibit ſo much. But this excellent Chemiſt is well ap- 
prized what a great quantity of Water is diffuſed about through the Air ; 
how imperceptibly this Water quits the Air, and inſinuates itſelf into ſaline, dry, 
Ka | | | ſpirituous 
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ſpirituous Bodies, and, by ſubtilly mixing itſelf with them, often overturns our 
Obſervations: The blue Flame of the dryeſt burning Sulphur exhales into the 

Air, to a great compaſs, and, if it is collected under a Bell, produces a very 

ſharp, acid Liquor; which, if the weather is dry, is in a ſmall quantity, 

and always ſo much the ſtronger; but if the Air is moiſt and cloudy, it is 

in a greater, but then it is more watery. From this we can, by a gentle 

Fire, ſeparate a large quantity of inſipid Water, and from the remain 

der prepare a ſmall portion of a thicker liquid, that is exceedingly acid: If you 

expoſe this laſt now to the Air, in a broad veſſe], when thus ſimple, and freed 

from its Water, the Water in the Air will immediately unite itſelf with the 

pure Acid, increafe both its weight and its bulk, and at the ſame time dilute, 

weaken, and render it leſs efficacious. Perhaps, now, the very ſame thing may And another 
happen to the Spirits, whilſt they are burning. Theſe things, however, bring gens nt fan 
again to my mind the expreſſions of the ancient Alchemiſts, who called them, under the _ 
the moving, or governing Spirit, the Child of the Sun, the Offspring of Fire, feat 
and the internal Fire of Bodies. . 

Is it not poſſible, then, that this pure Spirit, which, in conjunction with Fire, 
produces Flame, and is abſolutely, and totally inflammable, may be but an 
exceeding ſmall part of the Body in which it is contained, but diſperſed thro? 

a large quantity of Water, and intimately united with it? Certainly, though 

we endeavour ever ſo artfully to confine this principal, we always find it fo 

infinitely ſubtil as to eſcape our niceſt Obſervations. Tired in theſe inquiries, 

I confeſs, for my own part, that I have for a long, time paſt defired nothing 

more earneſtly, than rightly to underſtand the proper nature of that Matter 

= in the Alcohol, which is truly inflammable; for I knew that I here was in 
poſſeſſion of ſomething which is perfectly inflammable. And I have for a good 

while been ſatisfied by Experiments, that all other inflammable Bodies are only 

ſo, as they contain Alcohol in them, or at leaſt ſomething, that on account 

of its fineneſs, is exceedingly like it, the grofler parts of chem that are left. 


behind, after the ſeparation of this ſubtil one, being no longer combuſtible. , 

| Thad the pleaſure, therefore, of believing, that if I could but once diſcover this 

in Alcohol, I then could very eaſily comprehend how Fire is ſupported in all“ 

| bother combuſtible Bodies. But how was I diſappointed when I found that 
Alcohol, by paſting through Flame, would burn away into a Vapour, in 

| 17 which I could not diſcover any Alcohol; ſo that if this was really the remains of 

[= the Alcohol, it left nothing behind it but an exceeding pure Water, Theſe 

* 7 therefore I acknowledge the boundaries of my knowledge upon this ſubject : © 
Ihe Pabulum of Fire, when conſumed by Fire, leaves a Water behind it, but Pp, 
* [7 Þvecomes itfelf fo vaſtly fine, that it is diſſipated into the Chaos of the At- 

, moſphere, and gets beyond the reach of our ſenſes. 

ft e SXPERIMENT . 

1 But by this new Experiment, the Opinion which I juſt now lad down, will A inſtanta- 
5 Þ appear more evident. For this purpoſe I have provided a live Coal, in this den Frame” 
s 3 carthen Pan, which is fo perfectly red quite through, that, as you ſee, there is =_ 
dot the leaſt appearance of Smoke; the Pan too is perfectly clean, and ve- 
3 Þ7 Ty dry. Upon the Coal I place this pure braſs porringer, which is about an 

b anch deep, round at bottom, and four inches in diameter, Into this I. now 


3 = 
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pour ſome choice Alcohol of Wine, to the height of half an inch; and then 
cover the whole, as before, with the glaſs Bell. Lou may perceive, now, that 
the Alcohol, by means of the Coal in the Pan underneath it, boils pretty 
ſtrongly in the braſs veſſel, but does not take fire, or diffuſe any Fume that is 
viſible within the cavity of the Bell ; nay though the exhaling ſurface of the 
boiling Alcohol is ſo broad, yet there does not appear the leaſt Vapour com- 
ing out of the upper Orifice. In the mean time; however, you begin to 
perceive ſome ſtreaks of the Spirits running down the ſides of the Bell, eſpe. 
cially about the lower parts of it. As you ſee, now, a conſiderable part of | 
the Alcohol is, by boiling, exhaled out of the braſs porringer, it's time for 
us to try what will be the effect of applying a lighted Match to the upper 
Orifice of the Bell. This then PII do; and you obſerve, that whilſt I thy 
hold it over the mouth, the Flame of the Match does not ſet fire to the 
Alcohol, that is floating about within the Bell, but is rather itſelf extinguiſh. 
ed. Hence, therefore, as the Alcohol, that is now diſperſed in the Bell, does 
not, by this means, take fire, you will be apt to imagine, that 1t does not ap- 
pear, by the former Experiment, that the Alcohol, which was burnt by paſſin 
through the Flame, did really loſe its inflammability, or elſe, that this has loſt 
it likewiſe, purely by exhaling without burning at all: But pleaſe to attend, 
with a little patience, and you will ſoon be of another opinion. Obſerve then 
this lighted Match, which I now hold in a pair of Tongs, that I may be at 

a convenient diſtance from the effect of this dangerous Experiment. In this 
manner, then, I cautiouſly carry it along above the Table, in a horizontal di- 
rection, towards the glaſs Bell, 'till the Flame of it comes underneath the 
lower rim of it; and you ſee as ſoon as ever the Flame reaches within its cavi- 
ty, the whole ſpace within the Bell, that is now filled with the Vapour of the 
boiling Alcohol, like Lightning, inſtantly flaſhes out, and that with a great 
noiſe, and ſuch a violence, that the moment it takes fire the Flame ruſhes out 
at the bottom, between the Bell and the Table. This happens, now, becauſe 

the whole cavity, being filled with the very minute particles of the Alcohol, 
and at once ſet on fire, is not able to contain all the Flame, which, therefore, 
will diffuſe itſelf through thoſe parts where there is leaſt reſiſtance, viz. in this 
caſe at the bottom; at which place, could it not have found a vent, it would 
have either blown off the Bell, or burſt it in pieces, not without a great dea! 
of danger to the perſons about it. If ever, therefore, you make this Experi- 
ment, take this caution, never to come too near the Bel] when you apply the 
lighted Match, nor ever to hold the Match in your hand, without a pair of 
Tongs ; for otherwiſe, that Flame which burſts out at the bottom may very 
eaſily burn your hands and face. This, then, may ſuffice for the firſt part 
of this Experiment; let us now turn to the other. 5 


Which ſets The very moment, then, that the Flame was excited in the Bell, you ob- 
83 ſerved the whole ſurface of the Alcohol that was boiling in the braſs Porringer 
| to be likewiſe perfectly covered with a bright Flame; which you ſaw did not 
in the leaſt take fire before, tho? the Fire underneath it made it boil pretty 
ſtrongly. Hence, therefore, it is very evident, that Alcohol will not eaſily 
be ſer on fire without the application of Flame to it. But the Flame of 
the Alcohol, now it is once lighted, continues burning under the Bell, till 


the Alcohol is quite conſumed, nor goes out before the Diſh is become en! 
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Theory of the ART. 193 
dry. In this beautiful Experiment, now, nothing formerly gave me more plea- 
ſure, than what you have all ſeen at this time, viz. that 

The Flame that was raiſed by the match, at ſome diſtance from the veſſel Audis, at 
in which the Alcohol was boiling, diffuſing itſelf through the whole ant, rn. 
cavity of the Bell, ſet on fire the Alcohol that was contained in that guiſheditſels 
veſſel : But the very moment that this began to flame and burn, the Flame 
in all the other parts of the Bell inſtantly diſappeared, and this only upon 
the ſurface of the burning Alcohol remained quite to the end, till all the 
matter of the Alcohol was perfectly burned away; nor was there, from the 
firſt moment of accenſion, during the whole time, any other flame excited 
throughout the whole capacity of the Bell, than what juſt hovered over the 
Alcohol in the Porringer. Does it not, therefore, evidently appear, that pure 
Alcohol, though it is agitated with a pretty ſtrong Fire, provided it is not 
TX lighted, may be diffuſed through large ſpaces, without undergoing any alter- 
ation, and that it will {till poſſeſs its inflammability in the ſame degree that 

N it did before, fo that if you apply a Flame to it, it will in a moment 

take fire, and burn with a great deal of violence? Nor is it hence leſs certain, 
| _ very ſame Alcohol, when it is forced to paſs out of its veſſel through the 
Flame that covers its ſubſtance, and is by this means forced to feed the 

Flame itſelf; I ſay, when it has thus exhaled through the Flame, into the 

cavity of the Bell, it is not leſs certain, that it has ſo perfectly loſt its apti- 

tude to Flame, in an inſtant, that though the parts of the Alcohol are now atte- 

nuated by ſo-much ſtronger a Fire, yet they can never afterwards be ſet on fire 
by the Flame that continues burning under the Bell. This extraordinary and 


ſurprizing Phenomenon, now, deſerves, certainly, the matureſt conſideration z 7 
for it does not at all ſeem probable, that the Fire can perfectly expell all ; 
the Alcohol, out of the large ſpace of the Bell, the very moment it 
has burnt it: And yet if the particles of the Alcohol, when they have paſſed 
through the Flame, float about in the cavity of the Bell, which ſeems very 
likely, then, if they remaincd ſtill inflammable, they muſt neceſſarily be ſet 
on fire by that very Flame. What ſhall we ſay, then, Gentlemen, in this 
caſe? If the only pure inflammable matrer that we know of in nature, 
when it once takes fire, totally loſes its inflammability, muſt nor there, of 
| conſequence, ſo much of the true Pabulum of Fire be every day deſtroyed, 
i- WE as is thus conſumed by Flame? And for this reaſon, therefore, muſt not 
ie WE: this at laſt be quite ſpent, if it could not, by ſome means or other, be re- : 
of WE cruited ? Is this, therefore, continually ſupply'd by the operations of nature, | 
in the bowels of the earth? And by which of them? By thoſe, certainly, 
rt by which it generates Oil and Spirits. And, hence, in particular, by vegeta- 
tion, fermentation, putrefaction, and diſtillation. But all theſe operations, 
b. whether artificial, or natural, are performed by the efficacy of Fire alone. 
er Fire, therefore, which deſtroys combuſtible matter, is that cauſe in the uni- 
ot verſe, by whoſe energy it is again renewed. Or does the other opinion 
ty ſeem more agreeable, which we propoſed before, when we made this Query, 
ly whether the matter that is intirely inflammable, does not, in reality, conſiſt 
of of a large quantity of Water, intimately united with a ſmall portion of 
till! ſome other principle, that is vaſtly ſubtil, and very much reſembles, nay is, 
y perhaps, Fire itſelf? Whence this Fire being ſeparated from the Water, by the 


— 
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action of burning, would again be freed from its confinement, and become 
true elementary Fire. If you ſuppoſe this to be the caſe, then ultimate, in. 


flammable matter would be Fire itſelf ; and, hence, when it is ſet at liberty 
from every other Body, would, of conſequence, be diſſipated into the Air. 


EXPERIMENT V. 
The extine- I dip this flaming Match into this pure, cold, diſtil'd Oil of Turpentine, 


Tuma by and you ſee it is put out in the ſame manner as if it was immerſed in cold Wa. 
_ ter, exactly as it happened before in the Alcohol. And again; I throw this 
live Coal into the fame Oil of Turpentine, and by this means it is perfectly ex- 
tinguiſhed, without producing the leaſt appearance of Flame. Hence, there- 
fore, almoſt all thoſe things that we before aſſerted of Alcohol, will hold true 
likewiſe of this Oil; and for this reaſon, as they may be conſulted there up- 


on occaſion, it is needleſs to repeat them here. 


| |  ExePErIMENT VI. | 
The incraſe- I have again put ſome of the ſame pure diſtill'd Oil of Turpentine into this 
the fame, braſs cylindrical Veſſel, and ſet it upon the Fire 'till you ſee it begins to boil: Ma 
To the Vapour now that exhales from this boiling Oil, I'll apply this lighted a= 
Match; and you perceive that when I do this, it is much longer before it 
takes fire than the boiling Alcohol was, tho? at laſt it does light and burn. 
| You obſerve farther, that a black Smoke ariſes gradually from it, and as this 
appears, the Oil burns with more violence, till at Jaſt you ſee the Flame grows 
very fierce and vehement: And now it is burnt out, there are no Fæces left at 
the bottom, but it is all intirely conſumed. The purer now, and more lim- 
pid this Oil is, ſo much the leſs black Smoke it always emits, and burns away 
more quietly. This therefore is the caſe, when it has been purify'd by re- 
peated Diſtillation, for in every Operation it gets rid of ſome of its Fæces, but 
at the ſame time approaches ſo much the nearer to Alcohol, in lightneſs, lim- 
pidity, purity, and diſpoſition to burn. But tho' by this means it conſtantly 
comes nearer to the nature of Alcohol, yet ſtill it does not in reality ever become 
Alcohol, as it is never capable of being mixed with Water. 


EXPERIMENT VII. 

Exarninati- The ſame Oil of Turpentine being expoſed to the Fire in this braſs Veſſel 
Flame of till it boils, and being then ſet on fire, PII place it now, whilſt it is burning, 
burning Oil. upon this earthen Plate, and cover it with the glaſs Bell. It burns now you 
ſee as in the ſixth Experiment, but then with this difference, that it ſends forth 

a black, thick Smoke, that fills the whole cavity of the Bell, riſes through its 
upper orifice, ſullies its ſides with Soot, and fixes at the ſame time a kind cf 
watery Vapour all round it: So that one would believe, that Water was here 

likewiſe produced from the burning Oil, or elſe by the concurrence of the Air. 

Hence, therefore, it appears, that Oils, which come neareſt to Alcohol, tho“ 

they are acted upon by Flame, and compelled to paſs through it, yet will 

ſtill retain ſome inflammable parts, that are not perfectly burnt away, but are 

only converted into a Coal; and that theſe being expell'd by the Fire out of 

the Flame in form of. a ſooty Smoke, are diſſipated to a great diſtance, and af- 

terwards being deprived of their firſt motion fix to the ſides of Chimnies. 

any 5 | = 3 And 
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Fire, than they are in the Lamps abovementioned ; for there the oily Parti- 
cles being put in agitation, have a free paſſage into the ambient Air, from 


tally altered by the force of its Fire. From all that has been obſerved then, 


all diſſipated by the Fire, you obſerve another Flame ariſing perfectly diffe- 
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And this the fetid ſmell of burning Oil, which may be perceived a great way | 
off, ſufficiently demonſtrates, Theſe parts therefore, ſeem of too thick and 
tenacious a nature to be ſo ſoon reduced by the quick action of the Flame, 
to the ſubtlety of the fineſt Alcohol. When theſe Oils now are made ufe of 
for common Lamps, and have a Wick in them that is every way ſurrounded 
by the Air, they then burn with a ſmaller flame, and much more leiſurely 3 
and at the ſame time they produce a great deal more Soot, as the Blackneſs 
that ſoon ſettles upon a clean Paper held over them plainly evinces. But when 
they are thus ſet on fire in a cylindrical Veſſel, the whole Surface of the burnin 
Oil being perfectly covered with the incumbent Flame, all the Particles of the 
Oil as they conſume, muſt neceſlarily paſs through the Flame itſelf, and con- 
ſequently will be more forcibly attenuated, and changed by the action of the 


every point of the Surface of the Flame, and hence fly off, without being to- 


it ſeems exceeding probable, that if by any Art Oils could but be reduced to 
the ſubtlety of Alcohol, then the Flame that is excited by them, would be 
free from Smoke, and the Fire from Soot. 


EXPERIMENT VIII. 


I have in this clean braſs cylindrical Veſſel, mixed ſome very pure Water, Examinati- 


with an equal quantity of the choiceſt Alcohol, fo that now after ſhaking them 922 e,. 


together, they appear you ſee a homogeneous Liquor. This Mixture then be- ter burning 


ing heated, and ſet on fire, P1I place again under the glaſs Bell. You obſerye t2x*there 


now, that the Flame that rifes hence, is much weaker than that which we 
ſaw in the firſt Experiment upon this Subject; nor does the colour of the 
Flame by any means come up in brightneſs to that of the pure Alcohol. And 
you percelve too likewiſe, that this Flame, before it goes out, hovers a long 
while over the Surface of the Liquor, and then diſappears, leaving the Water 
behind it in the bottom of the Veſſel, in which there remains but a very ſmall. 
portion of the Alcohol, as the taſte of it evidently demonſtrates. Hence then 
we underſtand, that tho* Alcohol is mix'd with Water, yet it will be extracted 
thence by the power of Fire, and conſumed by it; and that at the fame 
time the Water is repell'd both by the Alcohol, and the Fire. 


EXPERIMENT IX. 


In this very pure Alcohol, I have diſſolved ſome fine Camphire. This Mix- Of Alcohol 
ture now, PI ſer on fire, and place burning under the Bell, as in the former 1 
Experiments: And the event is pretty remarkable. For firſt you ſee it takes 
fire exactly in the ſame manner as if it was ſimple Alcohol, and all the Pheno- 
mena appear peffectly the ſame; and that - the pure Alcohol is thus firſt con- 


lumed, and the Camphire without burning is depreſs'd to the bottom of the 


Veſſel, where it is collected in a Body by itſelf. But the Alcohol now bein 


rent from what appeared before, whilſt the Alcohol was burning; for this you 
ſe is ſtronger, whiter, more lucid, and its Vibrations are greater than the 
tormer. At the ſame time too, this Flame produces a black Smoke 3 and then 

1 both 
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both the ſmell and taſte of the Camphire aſcend from the Flame, and diſperſe 
themſelves not only through the cavity of the Bell, but alfo through this 
whole apartment. This Flame now you perceive laſts as long as there is any 
Camphire remaining, and when it goes out, leaves no Fzces behind it in the bot- 
tom of the Veſſel, Hence, therefore, we may learn, that if inflammable ſub- 
ſtances of different natures are united together in one compound, they will 
not burn away at the ſame time; but the moſt ſubtil part will be firſt of all 
conſumed by the Fire; and the remaining groſſer part will continue defended 
as it were under the burning Flame, and will then only begin to take fire 
when the former is diſſipated. In combuſtible Subſtances, is that always firſt, 
and moſt eaſily ſet on fire, that is the lighteſt of them all? This certainly 
ſeems to be the caſe univerſally. Is the Flame that is excited in burning Al- 
cohol too weak to ſet Oil on fire? This too ſeems exceeding probable : And 
hence, as ſoon as ever the Oil, or the Camphire diſſolved by the Fire begins to 
burn, the Flame immediately you ſee becomes fiercer. Does then Fire by 
burning combuſtible Bodies, as well as by diſtilling them, ſeparate their diffe- 
rently inflammable Principles, according to their various degrees of ſubtlety, 
or ſpiſſitude, the Spirits, for inſtance, firſt, then a thin Oil, next an Oil that is 
a lictle thicker, and laſtly, a thick, pitchy, tenacious Oil? This plainly appears 
in this Experiment. Is this then the reaſon, that Charcoal, and the like Sub- 


ſtances prepared by Fire, and conſiſting of an Earth and Salt covered over 
with this laſt very thick Oil, yield a ſtronger Fire than can ever be procured 


from Wood before it is thus burnt? This certainly is found to be univerſally 
true, that the Fire that is excited by burning Oil, is always fo much the more 
violent, as the Oil has a greater ſpiſſitude, and is more ponderous. That this 
was the caſe juſt now in burning Alcohol, and Camphire, you yourſelves are 
witneſſes. And all theſe things are confirmed by the moſt common Experi- 
ments: As every body knows, that a Fire then gives moſt Heat when the ul- 
timate combuſtible matter comes to be burnt. The burning therefore of com- 
buſtible Bodies muſt not be looked upon as an action, that at once mixes, 
blends, and conſumes all the different kind of inflammable Elements toge- 
ther; for it appears on the contrary, that this is effected diſtinctly, and ſuc- 
ceſſively. 


EXPERIMENT X. | . 
Let us now make the ſame trial upon Alcohol of Wine, ſo intimately 
mixed with fine diſtill'd Oil of Turpentine, that the Mixture appears perfect. 
ly homogeneous. This therefore P'Il ſet on fire under the Bell in the ſame 
cylindrical Veſſel, that we may ſee what will be the event. In the firſt 
place then, we obſerve riſing from this burning Mixture, a beautiful, ſtrong, 


very bright Flame, which is exceedingly equable, and appears divided at top 
into two parts. This now, as far as we can diſcern, does not exhibit the 


leaſt appearance of Smoke, or generate or depoſit any. viſible Soot; but yet 
it has ſo diſcoloured this white Paper that I held over the upper Aperture of 
the Bell, that you perceive it is grown quite black; whence it evidently ap- 
pears, that there immediately upon the mixture ariſes ſomething in this pure 
imple Liquor, which is able to diſengage itſelf frefa-the Flame, before it is 
perfectly conſumed, At the ſame time, however, there is not the leaſt diſ- 

I | agreeable. 


= 
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agreeable ſmell in the Vapours of this Flame; and it waſtes away ſo quietly, 
that there is not the leaſt noiſe produced by it whilſt it is burning. But in the 
ſecond place, the Flame having now conſumed all the Alcohol that was con- 
tained in this Mixture, the appearance you ſee is intirely altered: for the 
Oil of Turpentine is now left burning at the bottom of this Veſſel, and the 
Flame of it leaps, ſparkles, and makes a noiſe, ſends up a great deal of 
Smoke, and leaves at the ſame time ſome reſinous Fæces, which are not com- 
buſtible by this Fire. | 


EXPERIMENT Xl. 
I have again mixed ſome perfectly pure Alcohol, and a very ſtrong alca- 
line Spirit, of Sal Ammoniac in equal quantities, and by this means have pro- 
cured this ſurprizing Coagulum, which was long ago known to Lally, and was 


ſo much celebrated by Van. Helmont. And I think it worth while to expoſe to 


our view what I have myſelf obſerved in burning this in the ſame manner as 
we did the former. What now do you judge will be the conſequence? The 
unforeſeen events that ſo often deceive our expectation in trials of this nature, 
make you cautious no doubt how you determine. Let us therefore make the 
Experiment. You'll now anſwer then, that the Alcohol will be firſt ſet on 


fire; that this being conſumed, and diſſipated, the Flame goes out; and that 


then there remains at the bottom the alcaline Spirit of the Sal-Ammoniac, almoſt 


intire. And this is certainly the caſe; for you obſerved, that when this pure 
Offa- Helmontiana, was heated, ſet on fire, and placed under the Bell, it firſt 


of all exhibited a very weak, equable Flame, ſcarcely viſible, without Smoke, 
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or Soot; tho? the inferiour part of the Bell however, was render'd pretty opaxke 
by the exhaling Vapour. You then took notice in the fecond place, that the 


Flame grew ſtronger, more lucid, ſparkled, made a hiſſing noiſe, grew un- 


equal, and hover'd about, and ſoon after went out. At laſt there was diffuſed 


a ſmell of a volatile, alcaline, ſpirituous Salt; tho' the Vapour collected into a 


Liquor on the ſides of the Bell was almoſt inſipid; and as I ſhew'd you, there 
remained at the bottom an exceeding ſharp, ſtrong, Spirit of Urine, very vo- 


latile, and ſtrong ſcented. In this Experiment now there's one very ſingular 
Phenomenon that well deſerves our obſervation, which you'll conceive in the 


following manner. The Salt contained in the alcaline Spirit of the Sal. Ammo- 


niac, is much more volatile than even the Alcohol itſelf; as appears in the ſub- 
limation of this Ofa of Yan-Helmont, with a very gentle Heat; for in that 


Operation, a dry Salt always riſes firſt; and yet whilſt it is burnt in this man- 


ner, the Alcohol in this Mixture is firſt of all attracted upwards into the Flame, 
and ſo conſumed ; and altho* this Mixture is heated in the braſs Veſſel, and is 
at top very forcibly agitated by the Fire, nevertheleſs, this very volatile Salt is 
forced downwards with its Water, and is ſo confined under the incumbent: 


Flame, that it is not capable of diſengaging itſelf, or breaking through it. 


And this, Gentlemen, I beg you will conſider in a particular manner, as it 


will help us to a knowledge of the nature of Flame, and combuſtible matter, 


which has not hitherto been much taken notice of. But ſince now Camphire 


18 looked upon by many famous Chemiſts, as a ſolid Sal valatile Olroſum, con- 
creted like Van Helmont's Offa, from two prineiples, the one a ſaline, the other 


an oily one; it will be worth while to try what will be the conſequence of 


burning. 
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burning this under the Bell likewiſe. We find, then, that upon the application 
of a Flame to it, it very readily takes fire; and then flames in ſuch a particular 
manner, that one cannot look. upon it without admiration. This Flame, as y ou 
ſee, is white, equable, and long; and terminates in a ſmokey cone, which is 
of a great length, and very ſmall. But what a copious, denſe, black Smoke 
does it likewiſe diſperſe through all the Bell! and at the lame time, as you 
perceive, there are abundance of little black ſooty particles, thrown out on all 
ſides by the Flame, which are ſo heavy, that they fall to the bottom, and in which 
there remains the ſmell and taſte of the Camphire, though the colour of them 
is black. In the bottom, now, there are left hardly any Feces, the Camphire 
having quite done burning. Hence then we may make ſome judgment of this 
wonderful Body; and you'll believe with me, that it is a very perfect fimple 
Reſin, or an Oil exiſting in a ſolid form. | 


„ XII. 


of Alcohol I have here a very pure Earth, viz. Engliſh Chalk, reduced to powder; 
and Farth. ith which I'll mix ſome of the ſame Alcohol of Wine, as intimately as 
poſſible, and ſet it on fire under the Bell, as in the former Experiment. The 
Alcohol, then, you perceive, burns away intirely, as in the third Experiment; 


but the Earth, you ſee, remains at the bottom, perfectly dry, pure, intire, 
and without any Alteration. 


EXPERIMENT XIII. 
Of Alcohol, 


Of Alcobal, But none of theſe Experiments are more entertaining than that which I am 
phire, the going now to ſhew you. For this purpoſe I mixed Alcohol, Camphire, and 
Offa Helmon- Oil of Turpentine together, in ſuch a manner, that they were moſt accurately 
Earh, al diſſolved one amongſt another; and to theſe I then added the Offa of Van 
mixed toge= Helmont, which will bear conveniently enough too, to be united with the for- 
9 80 mer; and J afterwards worked all theſe, thus mixed together, with ſome of 
that fine earth, Engliſo Chalk, fo as to form them into a maſs, with which 

I then mixed ſome ſhavings of wood. This, now, I'll ſet on fire before 

you, under the ſame circumftance as in the former Experiments, and beg that 

you will obſerve the iſſue, The Alcohol then you ſee burns away, in the 

firſt place, almoſt in the ſame manner as if it had been ſet on fire by itſelf. 

This being conſumed, the Oil of Turpentine next takes fire, and ſuffi— 
ciently diſtinguiſhes itſelf by its particular Ph2nomena. In the third place, you 

ſee the evident ſigns of the burning Camphire. And, at laſt, the alcaline {pi- 

rit of the Sal-Ammoniac, the ſhavings of the wood, and the pure Earth, are 
left at the bottom. You obſerved here how ſtrong, unequal, and red, the 
Flame was, and how it crackled and made a noiſe, whilſt it was burning : 

And what a ſmall quantity of Smoke roſe in the beginning; which afterwards 
increaſed, by degrees, till it at laſt became exceeding black, and very thick. 

Then too there was produced a very black and denſe Soot. And towards the 

end you perceived flakes of Soot flying about within the cavity of the Bell. 

As for the Wood, you ſce che Flame has not affected ir. From all theſe 
things, then,-carefully conſidered, you have, I think, a fair opportunity of 
diſcovering the method which nature makes uſe of in conſuming combuſtible 
matter by Fire; which certainly is very different from what people generally 

| ; | imagine; 


SI 


i „ 
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imagine 3 at the ſame too you have learned, that there is hardly any thing in | 
all natural philoſophy that is more difficult to underſtand, than what corpo- 


real ſubſtance that really is, which 1s ſolely inflammable, in combuſtible Bo- 


dies. It is a very eaſy matter, indeed, to talk of Oils, Sulphurs, and nitrous 
fabſtances too, which ſome people have very injudiciouſly added, and to aſ- 


ſert, that theſe are the bodies that conſtitute inflammable matter: But to 


diſengage that which is purely inflammable from every thing elſe, and thus 


to examine it, and diſcover its nature, is a very difficult task; nor could 


] ever meet with any one who could give any tolerable account of it; much leſs 
of the alteration that Fire actually induces in it whilſt it conſumes it. But 
of this enough. og 


Schorr LI. 


1 In the firſt place, then, there is diſcovered in nature, and that pro- Alcohol the 
duced from Vegetables, by fermentation and diſtillation, a certain Liquor, of (ghee. 


flammable” 
all that we are hitherto acquainted with, the ſimpleſt, the moſt limpid, the Body: 


lighteſt, exceedingly immutable, and capable of being mixed with Water 
and Oils, which is of ſuch a nature, that if it is heated, and has a Flame ap- 
plied to it, it will eaſily take Fire, will then totally burn, and feed 
and ſupport a pure Flame in every point of its ſurface that is contiguous 
with the Air, and by this means will have its whole ſubſtance gradually 
conſumed into Flame, as its particles, by degrees, come to be contained in 
this ſurface : And this will ſucceed in ſuch a manner, that ſo long as there 


is the leaſt drop of this liquid remaining, the Flame will continue to burn, 
and the very moment it is intirely burnt away, will totally diſappear, without 


leaving the leaſt indication of Flame behind it. We are therefore in reality 
maſters of ſuch a Fluid that properly deſerves the name of Aliment or Pa- 
bulum of Fire; fince as far as our ſenſes are capable of diſcerning, it may, 
by burning with an open pure Flame, be totally and abſolutely converted into 
the pureſt Fire. For if you pleaſe, Gentlemen, to conſider this affair atten- 
tively, what does become of all this Alcohol, when it is thus conſumed ? 
Is it not changed into the pureſt Flame? But is not all the Flame that is 
excited and ſuſtained by this means, exactly the ſame in every effect as that 
Fire which we have already deſcribed by its proper phyſical characters? Cer— 
tainly there is not any one thing taken notice of in our whole hiſtory of true 
Fire, that does not equally hold good of the Flame that is fed by this 
Alcohol, e 0 

2. But we obſerve here in the ſecond place, that the Fire thus. col- Which, 


lected about the Alcohol, perſiſted to be Fire there, ſo long as any of the Ent ny 5 


aſſiſtance, 


Alcohol remained, without adding any other Fire to it, or bringing any to it by ſupports 
any means whatever; ſo that when once the Alcohol was ſet on fire, it was 
conſtantly preſent there, nor needed any other Body, or any other Pabulum to 
continue it, when it was thus excited in the open Air. 
3. Thirdly, there is this farther remarkable, that as ſoon. as ever the Al- which goes 


cohol was conſumed, there was not the leaſt remains left of the Fire or wt 25 ſoon 


x a a as this is con- 
Flame; ſo that it did not continue one moment after that was burnt away. fume. 


This Pabulum, therefore, is the true cauſe that procured at leaſt the preſence 
of 


Flame,when - 
once excited- 
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of all that Fire, in that particular place; for this never remains when that 
is diſſi pated. . 


Nor docs it 4. Fourthly, there is this particularly ſingular in this Aliment of Fire, and 

beko. theFlame produced by it, that from the firſt moment it began to burn, to the 
moment of its extinction, it never emitted the leaſt Smoke, which every other 

kind of fuel is obſerved to do, either at the beginning or the end. 

But a Water. We found, indeed, that a moiſt Vapour did evaporate from the Flame of the 
Alcohol; but this being a very limpid aqueous fluid, formed only a perfectly 
pellucid exhalation, which being afterwards collected, produced a pure ſimple 
Water, in which there was not diſcoverable, the leaſt colour, thickneſs, or olli- 
neſs. This, now, is particularly ſurprizing, as we don't know of any other 
liquid, or ſolid Body, in the whole compaſs of nature, that will feed and 
ſuſtain fire, abſolutely without any Smoke at all. | 

Nor yields 5. We learn again from theſe Experiments, in the fifth place, that Alco. 

any Aſhe» hol does not contain any matter that is fixed and incombuſtible; for if it 
is perfectly pure, as it muſt always be for this Experiment, when it goes out, 
it won't leave the leaſt ſpot behind it; nay, it will be totally converted into 
more Flame, without producing the very ſmalleſt quantity of Feces. This 
again we obſerve no where elſe but in Alcohol ; for all other inflammable 
ſubſtances leave ſome Fæces behind them, which are not combuſtible ; though 
indeed, thoſe that are very pure leave but few. Naptha, Petroleum, and Cam- 

Phire, yield a bright, ſtrong Flame, but they depoſite ſomething in the bot- 
tom of the veſſel where they are burnt, that is not ſo combuſtible : Alcohol 


is the only one that leaves nothing. 


Nor cauſes 6. Sixthly, Alcohol, when it was thus ſet on fire, did not diffuſe any dil- 
able Sl. agreable Smell, of a different nature from what naturally belongs to it. Bur 
this again is not the caſe with any other combuſtible matter; for every thing 

elſe. ſends forth a rancid, ſooty Smell, or an empyreumatical one, when it is re- 

duced to Flames in the Fire. One would thence, perhaps, be ready to imagine, 

that all the parts of Alcohol are perfectly homogeneous in their natural ſtate, 

and that they remain ſo during their burning, and after they are burnt ; unle!s 

thoſe obſervations, of Water's riſing from the Flame of Alcohol were againſt 

* 11 taught us, that even in Alcohol there reſides ſomething that is not com- 

uſtible. 5 ZOPE 


It has noſo- 7. In the ſeventh place, we hence learn farther, that in this Body which alone 
ee when expoſed to Fire, diſcovers the properties above mentioned, there is not the 
* leaſt appearance of any ſolid ſubſtance; not even to the ſharpeſt eyes, aſſiſted by 
the moſt perfect Microſcopes: Hence, therefore, a ſolid form is no ways ne- 
ceſſary to render Bodies a proper Pabulum for Fire; but on the contrary, the We 
moſt liquid one that human obſervation has ever yet diſcovered. 5 F 
Rs 8. But we perceive yet again, in the eighth place, that this Alcohol is of ſuci * 
cious of Wa- 4 nature, as to attract, take in, and unite to itſelf the pureſt, elementary Wa- 
ter. ter; but that at the ſame time the Flame excited in the Alcohol, will again attract 
the pure ſimple Spirits of Alcohol out of the Water and Alcohol thus blended 
together, and having drawn them to the ſurface of the mixture, will then imbibe 
them, conſume them, turn them into Flame, and by that means ſeparate all the puſe 
Alcohol from the Water that is mixed with it; and at the ſame time refuſing to be 
united with the Water, will repel this, and depoſite it in the bottom of the veſſel 


: | 9. It's 
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9. It's ſurprizing now, in the ninth place, that the very ſame Alcohol, per- And is a 
fectly the ſame in every reſpect, may, by fermentation, and a gentle diſtillation, gringof ve- 
be procured from every kind of known Vegetable, that is naturally diſpoſed to sable, 
ferment : Whereas, excluding the vegetable Kingdom, and the aſſiſtance of 
fermentation, examine all rhe Bodies you are acquainted with in the univerſe, 
and you will not find one that is poſſeſſed of the properties above deſcribed, _ 

10. But farther, in the tenth place, from what has been obſerved in theſe Ex- put com- 

eriments, we are of opinion, that though Alcohol be ever ſo pure, yet there rounded, 

is in reality ſome difference in its conſtituent parts, though not diſcoverable by 
any other Art than ſetting the Alcohol on fire; for by this means it is ſeparated 
into a Water, which when alone extinguiſhes Fire, and into an inflammable 
part, which 1s truly conſumed in the Flame, and reduced to ſuch a ſubtlety, 
that it afterwards becomes quite inviſible. Van Helmet, indeed, has told us, 


that by the application of Salt of Tartar to the pureſt Spirit of Wine, he 


could inſtantly convert it half into Water, the other part being retained and 


held faſt by the Alcali ; but I always doubted, whether he ſhould not be un- 
derſtood to ſpeak there only of rectified Spirit of Wine, of which it is ſtrict- 
ly true, and not of pure Alcohol, ſkilfully prepared, of which I believe no bo- 
dy has hitherto ever made it appear. If theſe things. now, are really true, as 
they certainly ſeem to be, then Alcohol would very much reſemble Sulphur, as 
both of them would be totally conſumed in the Fire; both of them would yield Other fub- 
a blue Flame; be reſolved into one inviſible part, that is inflummable z and changed in 
whilſt they are burning, yield another part that extinguiſhes Flame; which in the Fire like 
Alcohol is a mere inactive Water; in Sulphur, an exceeding acid Salt of Vi- Aw 
triol diluted with a portion of Water, whoſe Vapour is hence perfectly ſuffo- 
cating, | | TY | 

15 In the eleventh and laſt place, we hence farther infer, that ſolid com- 


pound Vegetables, whilſt they are burnt, are changed and agitated in the 


ſame manner; inaſmuch as their inflammable part alone is conſumed by 
the Fire, the reſt being diſperſed into a matter, which if it is again collected, 
becomes viſible, nay and ſometimes combuſtible too; or elſe, being converted 
into a fixed one, which we then call Aſhes, or Fæces. 


| N ScHoOoLIUuu II. 

1. In the firſt place, then, Alcohol ſeems to have ſomething of the nature of Alvohet | 
Fire, This appears evident from many of its effects. Both of them coagulate Fire 
Blood, Serum of Blood, and bile, and parch up, as it were, the fleſh, nerves, 
and viſcera of Animals, whites of Eggs, and Bread. Is Acohol, then, a mag- 
net to Fire? It is certain, it has a power of attracting the light that approaches 
it. Does the mixing Alcohol and Fire together cauſe an efferveſcence, and by 


this efferveſcence produce Flame? 


2, Secondly, all other inflammable Liquids, let them be ever ſo ſubtil, if other Pabu- 


they are burnt in the manner propoſed, yield a viſible black Smoke and Soot, . produce 


and leave ſome Fæces behind them, which are not perfectly combuſtible. This“ 
incombuſtible matter in the pureſt Oil is at firſt a mere Earth, to which there 


ſtill adheres ſome portion of Oil, in which reſpect, as it retains the nature of 


a Coal, there is yet ſomething inflammable remaining in it. But when theſe 
Oils are often depurated by an artful diſtillation, they always depoſite an Earth, 
| _ D d ES grow 
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grow conſtantly thinner, become more inflammable, produce leſs Smoke, Soot, 
and Aſhes ; and thus continually come nearer to the nature of Alcohol : Re- 
peat this operation, in the mean time, ever ſo often, yet you'll never reduce 
them to ſuch a ſubtlety that they'll bear being diluted with Water. 


What would 3. Thirdly, that Body, that we have diſcovered to be abſolutely in- 


be the efe# flammable, fo that it will totally feed and ſupport Flame, yields not the leaſt 


upon Fire if Smoke in this Fire, produces no Soot, nor leaves any Fæces behind, but as far 


Ws mo z as Our ſenſes are able to penetrate, has its whole ſubſtance converted into Fire; 


Water mixed 1 | y 5 
vith it? or at leaſt when it is ſet on fire affords us nothing but a pure Water. If it were 


poſſible then by any Art to ſeparate that part of the Alcohol, which is perfectly 
combuſtible, and hitherto unknown, from the Water that appears to be collected 
during its burning, and this afterwards ſhould be applied ſingly to pure Fire or 
Flame, what would be the conſequence? Would it then burn ſucceſſively, as 
it does now it has a mixture of Water with it? Or would it like lightning be 
conſumed in a moment? A cloſe meditation, certainly, ſuggeſts a good many 
things upon this head; but this pure ſpeculative knowledge, muſt not be too 


much indulged, but muſt give place to that more ſolid one founded upon Expe- 


ments. 1 ET 
The twe : 4. From what has been demonſtrated, we may venture to aſſert, in the fourth 
Fire vaniſhes place, that that part of inflammable Vegetables, Alcohol, or Oils, which in 
in itintirely. reality is not combuſtible, is either an intimately united Water, a Salt, or an 
Earth. Theſe, then, if they could be perfectly ſeparated from Oil, or Alco- 
hol, the remainder would be that ſimple pure matter, which is totally conver- 
tible into the pureſt Flame, without Fæces, Smoke, or Soot. In Alcobol, certain- 
ly, that very ſubtil limpid Vapour, which is collected in the Bell, whilſt the 
Alcohol is burning, is produced only from that watery part of the Alcohol that 
is not inflammable. All Aſhes, Smoke and Soot, therefore, that are mix*d with 
inflammable ſubſtances, conſiſt ſolely of Water, Salt, or Earth, nor of any 
thing elſe in nature, that we are acquainted with. . 

Whence 5. In the fifth place, we learn farther, that the quantity of Smoke, Soot, and 
ariſe 3moke viſible Vapours in burning Vegetables, will be always ſo much the greater, as 
they contain more Water, Salt and Earth, in proportion to their Oil and Alco- 
hol; for this is found to be the caſe univerſally, as well as in the Experiments 
we have been making. That is to ſay, ſuch Bodies, when they are on fire, 
yield ſome parts, which though they are attracted into the Flame, and agitated 
there with a violent rotation, yet will not be converted into that ſubtil evaneſcent 
matter, but will either be expelled upwards out of the Flame, or elſe will fall 
to the bottom. If you compare a piece of very green wood Jaid on the Fire, 
with another in the ſame circumſtances, that is ſo moderately dried as to retain 

its Oil, you will eaſily ſee a demonſtration of the truth of what I aſſerted. 
What are 6, Sixthly, we find it is poſſible, that the parts of a combuſtible Vegeta- 
buſtivle ble that are not inflammable, viz. the Water, Salt, and Earth, may fo far 
parts? exceed thoſe that are, that the Alcohol, or pureſt Oil, will not. be able to 
flame in the Fire, but only fend forth a mere Smoke. Alcohol, if it is mixed 
with an hundred times its quantity of Water, will not take fire, tho? it 1s 
heated hotter than Alcohol is when it boils ; and if it is thrown upon the 
Fire it will extinguiſh ir. A ptece of Wood that is very oily, but at the ſame time 
. very green, and full of Water, yields a large quantity of Smoke, but no F * 


* 


* * * 
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In fat clayey Potter's Earth, there is an Oil, which will take fire when alone, 
though when it is united with the Earth in ſuch a manner, that there is but a 
yery [mall quantity of Oil to a very great one of Earth, it refuſes to burn. 
And in every Thſtance you examine, you'll conſtantly find this aſſertion hold 
true. „5 | | 5 | 
7. But, in the ſeventh place, I think there is nothing more remarkable IN The greateſt 
this affair than this, which has been already proved in the former Experiments, frm of 
viz. that if Fire is applied to a combuſtible Vegetable, compoſed of combuſti- Nous the 
ble and incombuſtible parts, and ſo far exerts its power upon it, as to ſet the bunt 
combuſtible part on fire, and at the ſame time, and by the ſame action, to mi- ſible. 
nutely divide and agitate the incombuſtible one; then the Flame that is thus 
excited from the combuſtible and incombuſtible matter agitated together, will 
be much ſtronger than would have been produced by the combuſtible one, 
if it had been ſeparated, and ſet on fire by itſelf. For we always find Flame 
to be ſo much the weaker, as the matter is purer of which it conſiſts. The 
Flame likewiſe generated from ſuch a mixture, will always be more unequal than 
that which riſes from a ſimple inflammable Subſtance: and hence, ſuch a fire al- 
ways makes more noiſe whilſt it is burning, ſo as ſometimes by its crackling and 
fly ing about to be very troubleſome. At the ſame time too it produces more 
Smoke, and a greater quantity of Feces, The more incombuſtible matter now 
there is in any Body, the more violent will all theſe Phenomena appear, if you 
can but ſet it on fire, and make it burn. - 

8, But again, eighthly, it is univerſally certain, that the denſer, cloſer, or Andthe Pa. 
heavier the incombuſtible matter is, that is united with the Oil, the ſtronger haue. 
will the Flame and Fire be that are produced by ſuch a Body, if ſet on fire. 

So that not only the ſolideſt part of any particular Vegetable yields the ſtrongeſt 

Fire, if compared with the reſt, (for who, that wants a ſtrong Fire, ever prefers 
the Flowers or Leaves of Trees to their ſolid Wood) but alſo of different 
Woods compared with one another, we- obſerve thoſe afford the greateſt Fire 
that are moſt ponderous ; thoſe the weakeſt, that are lighteſt. Thus, for In- 
ſtance, compare Cedar with Sallow, or Sideroxylom with Poplar, and you'll find 
the ſtrength of the Fires they excite will be in proportion to their weights. 

9. Bur, in the ninth place, we muſt here have regard to the doctrine we laid No Pats- 
down before, that no Vegetables will burn, *cill they are heated to that de- nee k 
gree, which is neceſſary to make Oil begin to boil. Light ones, indeed, will fr, but by 
grow hot with the ſame Fire ſooner than heavy ones; and therefore theſe will pr e 
ſoon take fire, but thoſe more leiſurely : And for this reaſon you ſee that 

nobody makes Matches with ſolid Oak, but with ſpongy Reeds, or ſome- 
thing .of that nature. But the ſooner they take. fire, the weaker will be the 
Flame; and on the contrary, the longer they are before they light, the ſtronger 
and more durable will the Fire be that is raiſed by them: And hence, of 
= conſequence, the heavier the Wood is that is to be burnt, the more pre-ex- 
= iſtent Fire is always requiſite to ſet it on fire; and without this it will not 
7 grow hot, ignite, and kindle. e | 
585 10. In the tenth place, theſe things being conſidered, it follows, that in the Burn face. 
N of Vegetables, all the combuſtible parts are not conſumed at once, —_ 
baut gradually, by the ſucceſſive action of the Fire. And here, during the 
. ume that the Fire is thus acting, that combuſtible matter, which is purely in- 
\ bY D d 2 | flammable, 
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flammable, and conſequently the lighteſt, always takes fire, is ſeparated and 
changed firſt; for this ſort grows very ſoon hot, is firſt put in motion, and 
is more eaſily extricated than any of the other. This being conſumed, that 
matter is next agitated, heated, ſet on fire, and ſeparated, that poſſeſſes the 
next degree of inflammability to the former. This then being likewiſe burnt 
away, that laſt of all begins to burn, that of all is the leaſt combuſtible. And 
it appears by an infinite number of Experiments, that this ultimate combuſti. 
ble matter in Vegetables is a ſmall quantity of Oil, firmly united to a great 
deal of fixed Earth. Hence, then, we ſee the reaſon why this Oil cannot be 
ſeparated from this Earth, in cloſe veſſels, where there is no admiſſion of freſh 
Air. And hence, likewiſe, we know that this laſt combuſtible matter will ne- 
ver yield a violent Fire; for whilſt it is burning away, a ſmall portion of the 
combuſtible Oil is gradually diſtributed through a larger one of the incombu- 
ſtible Earth; and hence it may be made red hot, and lucid, but will very rare- 
ly produce Flame. | | 
And moſt at 11, From what has been ſaid, therefore, we perceive, in the eleventh place, 
un. that Fire which is raiſed by compound combuſtible matter, will be moſt vio- 
lent when it is in the middle of its burning, viz. when all the elements are 
flaming in the moſt vivid manner : Whereas towards the end, if you would keep 
Fire up briſk, it is neceſſary to rouſe it with a pair of Bellows ; for then the 
earthy, ſaline, fixed parts, which are interſperſed throughout, in the form 
of Aſhes, always begin to damp the force of the Fire, which'is now ſupported 
by a ſmaller quantity of Oil. a 5 
Weak in 12. In the twelfth place, we are farther certain, that the pureſt Flame of 
Aleohel. all, viz. that produced from mere combuſtible matter, without the mixture 
of any other particles with it, will never yield a very ſtrong Fire; for it ap- 
pears on the contrary, from former Experiments, that the pureſt Pabulum al- 
ways produces the weakeſt, ; | | 
What the in- 13. Hence, therefore, contrary to the common opinion, we infer, in the 
combuſtible thirteenth place, that the ſtrength of Flame depends as much, nay, perhaps 
part does in . a D . | . | 
Fire, more, upon the incombuſtible elements in the burning matter, than upon thoſe 
that are in reality truly combuſtible, And therefore the quantity of Fire in 
Flame raiſed from combuſtible Bodies, is more collected within the compals 
of this Flame, by the rotation of the immutable corpuſcles that are mixed and 
whirled about with the reſt, than by that fine volatile ſimple oily ſubſtance, 
that is agitated likewiſe by the Fire, in the ſame ſpace. | 
Hence a 14. In the fourteenth place, then, why may we not ſuppoſe, that there arc 
muten ar two cauſes exerting their united forces in material Fire; the firſt, elementary Fire, 
Flame, and its proper ſimple Pabulum, viz. perfectly pure Alcohol; the ſecond, other 
kind of particles diſperſed through the Fire thus produced, and which one would 
call pure Fire, which, though they are not able to ſuſtain elementary fire of 
themſelves, yet being agitated in the former pure Flame, excite a violent acti- 
on by means of their vibratory motions, which is very often much greater than 
could ever be brought about by this agitating cauſe alone. That you may 
thoroughly take my ſenſe, Gentlemen, pleaſe to reflect upon half an ounce of 
Gunpowder ſet on fire in the open Air; in this caſe, you know, a Flame will 
burſt forth on all ſides, and be over in a moment : But, now, if you put the 
ſame into a narrow cylindrical Tube, with ſome Bullets over it, and fo fire It, 
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Tube, with an incredible impetus, hardly any of which was obſerved before in 
the Particles of Gunpowder, tho? they were, by being ſet on fire, reduced to 
their moſt ſubtil Elements. In the ſame manner, therefore, you conceive, that 


the hard incombuſtible Particles of Vegetables being ſwiftly whirled abour, - 


and vibrated in the rapid Flame, muſt of conſequence add a vaſt deal of force 
to it.. - | 

15. In the fifteenth place then it appears, that the greateſt ſtrength of this 
Fire, may be rendered more intenſe by Water, Salt, and Earth, if they are 
intimately mixed with the combuſtible Matter, and-with one another in this 


it will then, by its own proper motion, force theſe hard thick Bodies out of the 
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Whence 
Fire is in- 
creaſed. 


pure burning Fire; provided the force of this Fire is great enough to put 


theſe Bodies into a violent motion, | oe” 
16. We obſerve again in the ſixteenth place, that ſome cauſe is abſolutely 


neceſſary, and that there really is ſome cauſe which continues this Flame, or 
keeps in this Fire, when it is once kindled. And one effect of this cauſe, muſt 


be the keeping the Pabulum of the Fire whilſt it is burning, cloſely apply'd to 
the Fire itſelf, ſo that they ſhan't be ſeparated from one another, which other= 
wiſe would inſtantly happen from the proper power of the Fire. But again, 
the hard incombuſtible Particles too, that are agitated by the action of the former 


combuſtible ones, muſt be likewiſe confin'd by the ſame cauſe within the compaſs 


of the burning Fire; that theſe likewiſe may not fly off too ſoon, but be compelPd 
to remain in the place where they are mov'd in ſuch a manner, as by this ver 


The cauſe of 
uniting Fire 
with its 
Pabulnm. 


motion to be continually expelled out of it: For unleſs this was effected like- 


wiſe, all this matter muſt of conſequence be immediately diſperſed by the agi- 


tation of the Fire, and thus all the vibratory force of theſe Corpuſcles within 


the ſphere of the Fire, would be loſt in a moment. Hence, therefore, it ap- 


pears, that all Fire would be momentaneous, was it not for this uniting, ap- 
plying, and compreſſing power. It is probable, however, that this cauſe 


to unite them into one immoveable Maſs; for by this means the lighted Fire 
would inſtantly be put out: But ſuch a preſſure only ſeems requiſite, that the 
groſſer Particles, whether combuſtible, or incombuſtible, as they are agitated in 
the Fire, may ſucceſſively diſengage themſelves in proportion, as others begin 
to be put into the ſame agitation. Now for this purpoſe ſuch a cauſe appears 
vaſtly beſt ſuited, that acts with a reciprocal, oſcillatory compreſſion, and re- 
laxation, itſelf all the while remaining perfectly fluid, and incapable of being 
conſolidated. Such a one now is our Atmoſphere, which perfectly ſurrounds 
us, and always compreſſes us. Before we proceed any farther, therefore, it is 
neceſſary to have a juſt notion what aſſiſtance the Atmoſphere really gives to- 


which compreſſes theſe Bodies together, muſt not act with ſo much force, as 


wards the ſupport of Fire; which I ſhall endeavour to explain as evidently as 


poſſible 1n the following manner. 


Let us ſuppoſe a Fire kindled upon an iron Plate with the choiceſt Wood, 
and burning perfectly quite through, upon a Baſe a Rhincland foot ſquare, Up- 
on this Baſe then there preſſes ſuch a weight of the Atmoſphere, as is contained 
in a priſm of Air, whoſe Baſe is of the ſame magnitude. The weight, how- 
ever, of this Priſm, appears by the Barometer, to be different at different times z 
tho? the exceſs of its greateſt weight above its leaſt, is ſcarcely ever more than 


one tenth part of the whole, Let us imagine then the Atmoſphere at this 
- | 


time 


The Phy- 
ſical manner 
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time to be heavieſt, that is, the Mercury to ſtand at the height of 30 inches in 
the Barometer. Hence, if we ſuppoſe the ſpecific gravity of Mercury, to be to 
that of Water, as 14 to 1; and a cubic foot of Water at the fame ſerene time, 
to weigh 64 pounds Troy: Of conſequence, the preſſure of the incumbent At- 
moſphere upon this ſquare Baſe, will be equal to the weight of 2240 pounds 
Troy. This Fire- place, therefore, is preſſed upon by this vaſt weight at this 
time. But in this very place, by ſuppoſition, there is burning a flaming Fire, 
which repels from it on every fide, and elevates with an incredible force all this 
bulk of the Armoſphere that is in its way, and at the ſame time expells from 
the ſpace in which it is burning, all the heavy matter of the Atmoſphere; 
and hence, of conſequence, muſt increaſe its weight. It appears then, from 
the doctrine of Hydroſtatics, that the reſiſting Fluid of the repell'd Atmoſphere 
will preſs upon every point of the burning Surface; which therefore will be as 
ſtrongly compreſſed by this weight, as if it was confined in a Furnace fo ſtrong 
that it would not break with the weight of 2240. All the inflammable Part. 
cles, therefore, that are agitated in this Fire-place, by the force of the elemen. 
tary Fire collected there, and all choſe Corpuſcles likewiſe that are incombuſti. 
ble, but are put in motion by the action of both the former, as they endeavour 
to diſengage themſelves from the Fire, are repelled towards its center by this 
vaſt weight, and that conſtantly, and exactly, ſo much the more as the Fire 
exerts itſelf within more violently. Hence, therefore, you perceive, that the 
Elements of the Fire itſelf, and the Particles of the combuſtible Matter, muſt be 
applied to one another, - and compreſſed together with this prodigious force, 
and at the ſame time muſt undergo a very rapid concuſſion, and circumvibra- 
tion among themſelves from the incredible expanſion, and active power of the 
Fire. Mult there not therefore be excited a prodigious attrition in this Fire 
among theſe ſolid Particles? And will not the compreſſion of theſe to one ano- 
ther, whilſt they are thus agitated, increaſe in proportion to the greater attrition 
generated by the Fire? But the Fire is continually acting upon the Atmoſphere 
by unequal concuſſions, which always makes an equal reſiſtance: And hence 
this collection of Fire is beat upon by the continual return of the Armoſphere, 
with as much force, as if it was every moment ſtruck upon with a Hammer 
of 2240 pounds. But we are farther certain, that the Air boils very violently 
over Fire, as one may perceive by expoſing a live Coal to the Solar Rays, 
and then looking upon it towards the Sun, and hence the ſub/ultus's of this ve- 
ry ele ſt ic Fluid, boiling thus ſtrongly, muſt be ſtill ſo much the more violent 
and frequent upon this Fire. If now, in any part of this burning ſpace, the 
Fire yields leſs reſiſtance than in the reſt, then, the Air being driven thither 
by the weight of the Atmoſphere, muſt ruſh in with a prodigious violence, 
and being inſtantly rarefy'd, and repelled again, will produce a continual ſtrong 
oſcillatory motion round the whole compaſs of the Fire. So long therefore 
as there remains Fire enough in this Fire-place to excite a Flame with its pro- 
per Pabulum ; ſo long as the other incombuſtible Particles can be forcibly agi. 
tated by the action of the Flame; and ſo long as they continue to be preſſed 
together by_the weight of the Atmoſphere, that they are not able to extricate 
themſelves : So long the attrition excited in this ſpace, will be ſo great, as to 
collect ſach a Fire here, as is ſufficient to continue the like Flame. But on the 
other hand, as ſoon as ever the active elementary Fire, the true inflammable 
Z Pabulum, 


* 


principles we ſee the reaſon why a moderate Wind very much increaſes the 


upon the Fire, as to deſtroy this arch of Air that ſurrounds it, the Flame will, 
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Pabulum, or the other groſſer hard immutable Particles that ſhould be 
agitated among the other, are. wanting, then the Fire preſently grows weaker, 
and goes out: If the preſſure of the aereal arch too is by any means leſſened, 
or made leſs ponderous, the Fire immediately likewiſe loſes its ſtrength ; and 
if it happens to be diminiſhed to a very great degree, then the Fire, Pabulum, 
and other Particles, inſtantly fly aſunder, and are diſſipated. Hence in Boyle's 
Vacuum, all Flame, and then ſparkling Fire, ſoon goes out; as there is no- 
thing there to keep the Particles apply'd to one another. And from the ſame 


force of Flame; for it is then affected in the ſame manner, as if it was 
compreſſed by a heavier Atmoſphere. If the Wind, indeed, blows ſo ſtrong 


then, be extinguiſhed in an inſtant ; tho* perhaps the next moment it will be 
raiſed again by the ſame blaſt that blew it out, Hence, therefore, if you blow 
a Fire with a pair of Bellows, ſo as not to put it out, by breaking this arch 
with the too great force of the Wind, the application of the Particles to one 
another, will by this action be ſtronger, and conſequently the Flame more 
violent. But if two large pair of Bellows are placed in an oppoſite direction, 
and blown ſtrongly upon the ſame Fire, then the Flame, excited by this means in 
the middle of them, will be prodigious intenſe, fit for fuſing of Merals, and other 
Operations that require a violent Heat. This you may ſee at any time among 
your Workers in Gold, and other Metals. And from theſe Principles we ſee, 
laſtly, why Fires burn more fiercely than uſual, when the Air is contracted by 
a very ſharp Froſt ; for then, the aereal Arch ſurrounds the Fire proportion- 
bly cloſer, and confines it more powerfully, and by this means prevents the 
Corpuſcles, that are flying about and torrified in it, from extricating themſelves, 
till by the long continued action of the Fire, they are reduced to ſuch a ſub- 
tlety, as to be able to paſs through the Air itſelf, and ſo to make their eſcape. 
But at the ſame time, likewiſe, the Fire exerts itſelf with the greateſt force in 
its upper parts, and leſs about the circumference of its Baſe ; and hence the 
Air finding there the leaſt reſiſtance, preſſes both the Flame and Fire upwards ; 
and ſince the Fire is moſt condenſed, and conſequently ſtrongeſt in the middle, 
hence the Flame will riſe higher in the middle than on the ſides where the 
force of the Fire grows gradually weaker z and of conſequence will diſpoſe 1t- 
ſelf into a pyramidal figure. But as ſoon as ever now the Surface of 
Fire is ſurrounded with ſuch a Body as cuts off the communication with the 
Air, then the Fire of the Pabulum, and the agitated Particles, ſoon loſe their 
motion, the Flame goes out, and the Fire itſelf is ſoon extinguiſhed, except 


vou remove the cover, and let in a free Air; then indeed, it will preſently 


burſt out into Flame, or at leaſt may be raiſed to a bright, burning Fire. 
17. But in the ſeventeenth and laſt place, if we carefully conſider every The Pak 


thing that has hitherto been demonſtrated, or delivered, it does not appear, | * Fire 


does not be+ 


that chere is any Body in Nature, which being committed to elementary Fire, come Fire, 
Vill in reality be converted or tranſmuted into Fire: For my own part, I have 
examined every argument that offers itſelf, and have not been able to find one 


that proves it. Hence, therefore, I dare not by any means aſſert, that either 
Alcohol, Oil, or any other Matter, becomes pure Fire by being burnt. I con- 
fels, indeed, that perfectly combuſtible Bodies are ſo changed in Flame, as to 


get 
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get beyond the reach of our preſent perception; but if we would have a pro- 
per regard to truth, we muſt not hence abſolutely aſſert, that they are therefore 
converted into Fire itſelf. * 


„ | Of the Pabulum of Fire in the Animal Kingdom. 
K cCombuſti- Having thus then carefully treated of the combuſtible Matter diſcovered 


ble Matter in the Vegetable Kingdom, we come now in the next place to examine that 
mals. which is contained in the Animal one. But here, as every one knows, that 


the Bodies of Animals conſiſt of Vegetables reduced by their concoctive powers 

to proper nouriſhment, hence this head likewiſe is almoſt intirely exhauſted in 
our Hiſtory of Vegetables. And indeed; if we will credit Hiſtorians, the 
humours of the animal Body have ſometimes been advanced ro that prodigi. 
ous ſubtil oily nature, as to take fire like Alcohol, and yield a weak pure 
Flame. We have accounts too of Flames kindling about the exhalations of 
Men's Bodies; and Helmont takes notice, that the Wind of the Bowels bein 
diſcharged upon a Candle, actually burned, and was converted into Flame, 
Theſe things, however, if they are true, certainly happen very ſeldom. As 
for the other Oils of Animals, they aitfer hardly any thing in reſpe& of their 
inflammability from thoſe of Vegetables, and therefore the repetition of the 
Obſervations already laid before you, will here be needleſs. In theſe likewiſe 
we diſcover Water, Spirits, Salts, Oils, and Earth : And the nature, preparation, 

- depuration, and effects of them in the Fire, are perfectly the ſame in Animals, 
as they are in Vegetables. If you'll pleaſe therefore to recollect what we have 
before delivered of the latter, and apply them to the former. the doctrine 
of theſe too I think will be ſufficiently evident. You may poſſibly, indeed, 
ſurmiſe, that the Phoſphorus procured from Animals, is an inſtance of ſome 
other inflammable Matter in Animals, than what is obſerved in Vegetables: 
But this may likewiſe, by the chemical Art, be extracted from the pinguious 
Coals of burnt Vegetables ; eſpecially 1f they are of that kind, whoſe Juice 
very nearly reſemble the Humours of Animals, as has long ago appeared in 

the Muſtard. Any farther inquiry therefore upon this head, I think, is abſo- 
lutely unneceſſary. ; | 


Of the Pabulum of Fire in the Foſſil Kingdom. 

It is particularly remarkable now, that the very ſame law of combuſtibility, 
which we took notice of in the two former, holds true likewiſe, even in the cla 
of Foſſils. For here it is obſerved in the ſame manner, that the Oils alone 
are inflammable, the other parts not at all; and that all theſe Oils likewiſe yield 
ſo much leſs Smoke, Soot, and Aſhes, as they are more ſubtil and lighter; 
and on the other hand ſo much more, as they are thicker, and more ponde- 
rous. Poſſibly in theſe too, there may be ſomething that almoſt arrives to the 

| ſubtlety of Alcohol; tho? at preſent, I confeſs, I don't know that ever any bo- 
dy has diſcovered an Oil in them that would bear to be diluted with Water. 
Naptha like I have read, indeed, of Fluids ſometimes diſtilling from rocks, that by the 
Alcohol. application of a lighted torch to them, would take fire, flame, and burn; and 
have likewiſe met with accounts of Streams running from Fountains, that in 
the ſame manner might be raiſed into Flames: But whether the ſame Liquor 
that would thus take fire, would bear to be mixed with Water too, the = 
| | | ons 


* 


\ 
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ſons that mention theſe things take no notice. As for the Napiba of Babylon, 
Hiſtorians tell us, that that was ſo ſubtil, volatile, and eaſily inflammable, that 
riſing, and being diſperſed through the Streets, it would take fire from the 
Torches that were carried about in the night, ſo that it ſeemed as it were to 
burn ſpontaneouſly, covering all the Surface of the Ground with a blue Flame 


| that was not very ſtrong, and but little pernicious. This Liquor, therefore, on 

˖ account of its exceeding ſubtlety, ſeems to come very near to the nature of 

˖ Alcohol; for the ſame thing poſſibly might happen to our Alcohol, if it was 

8 diſtributed about in that hot country, in the ſame manner as we ſaw it take 

1 fire by the application of a lighted Match to its Vapour, when it exhaled into 

0 the cavity of the Bell. As it is hardly poſſible, however, to procure this ſort 

of Naptha genuine, at any price, hence we can ſcarcely come at any certainty 

e about it: As for that which is commonly ſold about under that name, it has 

f WT never any ſuch degree of inflammability, Be is always thicker, and more te- 
naacious. | 

EZ Petroleum is likwiſe very ſubtil, but no ways comparable, either to the Peroleun 

s Maptba of the Ancients, or the Alcohol of the Moderns. This, however, if Waptha, 

ritt is depurated by proper diſtillations, grows gradually more ſubtil, and ſooner 

e inflammable, tho? it at laſt ſtill remains an Oil, nor ever is reduced to Alcohol, 

ſe And here again, as we obſerved in Vegetables, the finer, ſubtler, and lighter 

„ © the oily combuſtible Matter of Foſſils is, they always yield ſo much leſs Smoke, 

s Soot, Stench, and Fæces; but at the ſame time the Flame is always in propor- 

ve tion the lighter, purer, and weaker, _ | 

nge As for the inflammable Foſſils that have a mixture of a groſs heavy incom- pogil Coal. 

d, buſtible Matter in them, they always take fire with more difficulty, and re- 

ne quire a ſtrong blaſt of Wind, or Bellows to make them burn ſtrongly 3 but 

then the Flame and Fire that is raiſed from them, is ſo much the more violent, 

as we ſee evidently in the burning of the foſſil Coal : Such Bodies likewiſe emit 

s an exceeding black, thick Smoke, (which has ſomewhat of a diſagreeable ſmell, 

in and produces a good deal of Soot) and leave behind them a large quantity of 

o-. Aſhes, which generally have an inſipid taſte, but are very heavy. 


. Laſtly, amongſt the foſſil Bodies, that afford a Pabulum for Fire, there are Sulphur. | 
ſome which conſiſt merely of a perfectly combuſtible Oil, united with an exceed- 
EY Ugacrid, acid Salt, By theſe you'll eaſily perceive I mean Sulphur ; Whilſt 
ty, WE the otly combuſtible part now of this burns away in the Fire, the other very 


aß acid faline one (which exceedingly reſembles that Liquor which is forced from 
dne Vitriol by an intenſe Fire, and is called Oil of Vitriol) is incombuſtible in 

eld WE the Fire, and being collected by itſelf in form of a vaporous Fume, and then 
rr; 5 fubtered to cool, goes by the name of Oil of Sulphur per Campanam. If this is then 
de- accurately freed from the Water that is mixed with it whilſt the Sulphur is 
de burning, and thus rendered pure in its kind, it appears to be the heavieſt of ; 
bo- all Fluids next to Mercury, and the moſt acrid we are acquainted with. 

r. And hence it happens, that Sulphur will not yield Flame, till it is firſt melted, 
te and conſequently, made very hot; but as ſoon as ever the Flame is excited by 
and the inflammable part, the very ponderous, corroſive, ſaline, acrid one, being 
tin 2gitated, attenuated, boiling in the Flame, and being hence driven outwards, pro- 

00 duces at firſt in the Flame, a very violent Fire, tho' afterwards, indeed, when 
per- by the continued action of the Fire it is fo divided, as to be able to break 


E e through 
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through the Arch ſurrounding the Flame, it floats about freely in the Air, and 
produces a Vapour that powerfully inflames all the parts of Animals it comes 
at, and hence, if it is apply'd to their Lungs, quickly ſuffocates them. And 
as for other Bodies that are expoſed to the Fumes that riſe from burning Sy]. 

hur, they are by this means ſurprizingly altered, and that, differently, accord- 
ing to their particular natures, and the relation they bear to the acid, which is 
the moſt ſo of any we know of in nature. Theſe effects now produced by the 
Fire of burning Sulphur, are generally aſcribed to the elementary Fire, tho? very 
wrongly : For theſe ought to be perfectly diſtinguiſhed, and it ſhould be conſtantly 
remember'd, that theſe effects are partly to be aſcribed to the elementary Fire 
partly to the combuſtible portion of the Sulphur, and partly to the Acid that 
is by this means rendered volatile. I don't think it neceſſary now to explain 
particularly what Phenomena, Bitumens, Aſphaltus, Piſſaphaltus, and Pix Fudai- 
cus, produce in the Fire; or what they ſuffer there. I believe this will be ſo 
eaſily underſtood, from what we have delivered already, that we need not 
ſtay upon this head any longer. It is ſufficient to take notice, that in all theſe 
there is a mixture of pinguious foſſi! Oils, generally acid Salts, Earth, and 
frequently ſomething metalline or rocky; and that in them all, that only is tru- 
ly inflammable, which is of an oily nature. As for the other parts of the 
compoſition, they afford a fort of Spicula which fly about in theſe fires, and 
by their vibrations, ſurprizingly increaſe their violence, or give them ſome 
- ſingular phyſical gran upon ſome particular ſort of Bodies. Theſe then 
being diſpatched, I think we have ſufficiently treated of the nature of the Pa- 
bulum of Fire, for our preſent purpoſe. And now, therefore, from this whole 
Hiſtory of Fire, we may fairly deduce the following Corollaries, as truths 

which have been evidently demonſtrated. 

Vire rare- 1. Simple, pure, elementary Fire, inſinuates itſelf into, and rarefies all Bo- 

ves all Bo» dies in the univerſe that fall under the obſervation of our ſenſes, whether they 
are ſolid, fluid, or compounded of both. | 

When alone 2. This power is ſo proper to Fire alone, that it is not common to any other 

d. eu Body in nature, that human knowledge is yet acquainted with. The efferveſ. 
cences, fermentations, and particular rarefactions of Bodies, do not prove the 
contrary. | 

3. This Fire, as diſtinguiſhed by this property, is always preſent in every 
place, as well in the ſolideſt Plenum, as in the moſt perfect Vacuum. 

4. And this Fire is every where diſtributed in the moſt equable manner, till 
there ariſes ſome cauſe that is able to collect it, thus diſperſed, into one particular 
place. - | = | Hs 

Collected by 5. The firſt of theſe collecting cauſes, and perhaps the principal one, is the 

arm attrition of ſome ſort of Bodies with one another. 

Kxpandsit- 6. Fire from its own nature is moved equally every way; or at leaſt, is ſpon- 

_ taneouſly expanded in this manner. „„ 

7. It's poſſible, however, that this motion, or expanſion of Fire, may be ſo 
determined, that it may be directed in parallel, or converging lines; and this 
is a ſecond very common method, by which Fire is likewiſe collected. 

May be de- 8. The principal cauſe that compels Fire, of itſelf thus undetermined, into 

dhe dun, a parallelliſm, is the Sun; for. this Body is found to be of vaſtly the moſt con- 
ſequence for this pur poſe. | 
| | g, The 


n 


a w : 


19 2 1 5s — Gf w—__ 


| pect to its Matter. 


18 o wy LY & 8 * conn” ws „ 2 aw” ew? 


Theory of the ART. 1 
The cauſe then, that makes theſe Rays of Fire, converge, and unite in a 

ſmall ſpace called a Focus, is either reflection, or refraction. 8 

10. And hence again we have a third manner of collecting Fire. 

11. The rapid percuſſion of the coldeſt Steel, againſt the coldeſt Flint, in the 
coldeſt place, and weather, will in a moment · produce the moſt intenſe Fire: 
This therefore furniſhes us with a fourth. | 

12, This Fire therefore does not any ways depend upon the Sun, with reſ- 

13. It will continue, however, ſome while in Bodies, being united to them 
during that time, 


1 And the time of its continuance, will be proportionable to the denſity of 
the 


ody with which it is united. | 

15. There is not, however, any Body yet known, that is able to retain Fire 
always, when it is once communicated to it. 

16, This Fire now deſcribed in theſe 15 Particulars, is in reality that which 
every Body calls elementary Fire. 

17. There is, beſides this, likewiſe, as people generally imagine, another Fire fupport- 
ſort of Fire, which conſumes combuſtible Bodies into ſomething inviſible, *, | 
which is ſuppoſed to be fed, and ſupported, and is falſly believed to convert 
combuſtible Matter into Fire itſelf : This is thought to be produced, when 
Fire firſt exiſting, is apply*d in the open Air, to a proper Pabulum. And by 
this 5 we have a fifth manner of collecting Fire; and that, the moſt com- 
mon of all. , 

18. There is diſcovered, now, but one kind of matter in the Univerſe, By Alcohol, 
which will feed Fire in ſuch a manner, fas to be fo intirely conſumed by it, 
that nothing will be generated by it, but pure, ſimple Flame, and nothing at 
all will remain behind, when the Pabulum is burnt away, and the Flame goes 
out: And this is pure Alcohol alone. 

19. Other Bodies, however, being mixed with the true Pabulum of Fire, And oi, 
whilſt they are agitated by and in the Fire, together with this Pabulum, are ca- ame, 


4 pable of conſiderably increaſing its power. 


20. Upon the kindling a common Fire, therefore, there is no Fire created, Nor becomes 
or generated de novo; nor is there any deſtroy'd when it is extinguiſhed ; nor 


Joes it undergo any alteration 3 nor perhaps has it any weight. The contrary, 


indeed, to this laſt aſſertion, ſeems to be grounded upon ſo many, and ſuch folid 
arguments, that after Mr. Boyle had publiſhed his Treatiſe, Of the Ponderabilit 

of Flame, it was thought there was hardly any room left to doubt of it; much leſi 
ſtill, ſince we have been favoured with thoſe Obſervations of Monſieur Hom- 
berg, concerning the great weight that is added to incombuſtible Bodies, by 

Pure elementary Fire, where there is not the leaſt Mixture of any corporeal Pa- 
bulum ; for by theſe, indeed, it ſeems plainly to appear, that elementary Fire 
may on a ſudden be ſo abſolutely concreted with Bodies, as to increaſe their 
weight very conſiderably. Theſe Experiments, therefore, both candour and 


i love of truth, oblige me to lay before you, Firſt, then, Mercury, that was 
perfectly depurated by the help of Metals, and thus rendered more liquid than 


the native, being for a convenient time digeſted in a pure Veſſel by the Flame 

of a Lamp, was converted into a black, white, or red powder, and in the ope- 

ration was ſomewhat increaſed in its weight. Secondly, the famous Du Claſius, 
EE 2 demon- 
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demonſtrated before the Academy of Sciences, that Antimony calcined in the Fo- 
cus of a burning Speculum, weighed a ſixteenth part more when it had been thus 
expoſed to the Fire, than it did before, notwithſtanding ſo much in the mean. 
time was diſſipated in form of Smoke. But the egregious Homberg proſecutin 


the inquiry ſtill more accurately by the aſſiſtance of the Focus of T/chernhauſen's 
Convex, directed into a hollow Veſſel, ſeems to have made it much more cer- 


tain, that true Fire may be united with Bodies; that by this union it will be 


concreted with them; that by this means it will produce with them a new Body 


perfectly different from the former, and add a very conſiderable increaſe to 
their weight. For this purpoſe, therefore, four ounces of powdered Regulus 
Antimonii Martialis, where expoſed to the Focus, as it was called, of the great di- 
optrical Glaſs of the Duke of Orleans, at a foot and a half diſtance from the 
true Focus, and was there frequently ſtirred about with an won Spoon, till it 
would not ſmoke any longer; for at the beginning, and for ſome time after, 
it emitted a large quantity of denſe Fume. This Powder then, was found to 

weigh four ounces, three drachms, and ſome grains; ſo that it had gained about 
a tenth part of its whole weight. The ſame afterwards being expoſed to the 
true Focus of the Glaſs, was inſtantly put in fuſion, and by this means loſt 
three additional drachms, and grains, together with an eighth part of the firſt- 

weight of the Regulus. Hence, therefore, it ſhould feem probable, that the 
Regulus loſt half an ounce by the Fumes of the firſt calcination, and gained 
three drachms of Fire, and that this fuſion afterwards took away thoſe three 
drachms of Fire that were thus ſuperadded. The Preparations of Minium, Quick=- 
lime, and other ſubſtances in the Fire, ſeem to evince the ſame thing. That 
this now was really the event of theſe, and ſome other Experiments of Mr. 
Boyle, 1 make no doubt ; nor do I in the leaft call in queſtion the capacity of 
theſe great Men for making theſe Experiments, or their integrity in relating 
them. This, however, in the mean time, 1s certain, that . a Maſs of Iron of 


eight pounds, being made perfectly red hot quite through, did not acquire 


any additional weight. The degree of Heat, now, or quantity of Fire in the 


Focus, mentioned in M. Homberg's Experiment, which was a foot and half dif. 
tant from the true one, was by no means ſo great as that of this Iron; and yet I 


weighed this Iron when it was red hot, and left it in the Scale till it was quite 


cold, and there was no alteration in the weight. That calcination was per- 
formed in an iron Ladle, or an earthen Veſſel, and the matter to be calcined: 
was continually kept ſtirring with an iron Inſtrument : Hence, therefore, the 
quantity of Powder might be augmented. The true Focus, in an inſtant, is ſup- 
poſed to expell again the Fire that was thought to be united with the Antimo-. 
ny. But who can venture to aſſert, that this was actually Fire? All Bodies 
thus calcined in the ſame Fire, do not acquire the ſame increaſe of weight, but 
thoſe only that abound with a corroſive Sulphur, as Antimony, Lead, Tin, 
Iron, and Orpiment. Hence, therefore, may be, this external, or additional 
part, is obtained by the Sulphur's corroding, and rubbing of the Particles of 
the other Bodies, and thus mixing them with the Matter to be calcined, And 
as for the increaſe of weight that Bodies are found to acquire, when expoſed. 
to the Fire in glaſs Veſſels, ſuppoſed to ariſe from the inſinuation of the Fire 
into them, this is ſo inconſiderable, that it may poſſibly be aſcribed rather to 


what may be communicated to them from the Glaſs, than to the Fire itſelf, Theſe 


Experiments. 


Experiments certainly ought to be made on purpoſe, and with the utmoſt 
caution; as nothing is more eaſy here than being deceived. Left, however, 1 
ſhould be ſuſpected of being too obſtinate, or partial, in my opinion, give me 
leave to refer you to M. Du. Hamel, a Gentleman particularly careful 1n relat- 
ing Experiments, in the Mem. de Þ Ac. Roy. p. 14, 15. where you will ſee how 
very prudently he himſelf raiſes ſome difficulties after he has recited his Ex- 

riments. And there too you will meet with ſome other Experiments of the 
famous Bouledue, which almoſt evince the contrary. 


21. It has appeared farther, that this elementary Fire may be iacreaeſd in a May be | 
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particular place, to a prodigious degree; ſo that by this means, certain phy ſi- afl in 


vaſtly intenſe 


cal effects, not eaſily underſtood in any other way, may be produced, obſerv- by collection. 


ed, and reduced to a natural Hiſtory. This we ſee evidently in Dioptrics and 
Catoptrics; but more remarkably ſtill when both their powers conſpire in the 
ſame action. And of the effect of this Fire we take the more particular no- 
tice, becauſe as there is here neither any heterogeneous mixture, nor any mate- 


rial Pabulum, hence the pureſt elementary Fire exerts itſelf alone, and 


thus plainly teaches us what is the proper power of ſimple Fire, when bodies 
are expoſed to it. If we nicely examine, now, the effects of this Fire, we ſhall 
find they may be reduced to theſe two: Firſt, both Liquids and Solids, that are 
volatile in the Fire, are diſſipated by it in a moment; and ſecondly, almoſt: 


all fixed Solids, that have hitherto been examined in it, run into Glaſs. The 


moſt intenſe elementary Fire, therefore, that has ever yet been diſcovered, ei- 
ther diſſipates, or vitrifies. But, as I have often obſerved before, the utmoſt 
that we know of this Fire, is only what we are able to learn from the great- 
eſt degree of it, that we can excite, by the aſſiſtance of thoſe Arts which we 
are at preſent maſters of; and therefore, as inthe nature of things it may by 
collection be increaſed, and rendered more intenſe through an infinite number 
of. degrees, we muſt not imagine, that the poſſible action of Fire is as yet de- 
termined. On the contrary, certainly that force of Fire which is with 
us at preſent the greateſt, is ſcarce, as one may ſay, a beginning of what 
may poſſibly be generated. Since, then, we ſee in that ſmall increaſe of 
it, which is contained betwixt the greateſt Cold and the Heat of that Focus, 
which is produced by the union of Vilette's and Tſehirnhauſen's together; I ſay, 


fince we ſee, even in this ſmall extent of augmented Fire, ſo many various, 


ſingular, and ſurprizing Phenomena, who can ſo forget himſelf as to think, that 
the Doctrine of the power of Fire upon Bodies is as yet exhauſted ? 


22. It is certain farther, that if this elementary Fire is collected in a par- In various, 
ticular place, let the cauſe be what it will, it may there be ſupported, by the nner. 


help of proper Pabulum; which is always either Alcohol, or Oil procured 
from the animal, vegetable, or foſſil kingdom. But again, this Fire being thus 
collected in this place, and ſupported by this Pabulum, may there likewiſe be 


prodigiouſly increaſed, by a greater weight of the incumbent Atmoſphere, 


acting freely upon it; by a large ſupply of oily Pabulum, very ſtrongly and 
intimately united in a proper quantity, with other very heavy Bodies ; and by 


ahe action of a great many very large Bellows, blown ſwiftly, and ſo diſpoſed 


as to unite their force in the center of the Fire. Now the ultimate effect of 


the greateſt Fire of this kind that we are hitherto acquainted with, is, in Ani- 


mals, and Vegetables, the production of Phoſphorus ; in Vegetables, the making 


ot 


— 
. 
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| 11 of Glaſs; in Foſſils, the fuſion of | Gold, which remains in this Fire, without 

| greater? See ſuffering any alteration. | | 

| 5.2. 23. Having thus, then, explained to you the phyſical methods I am ac- 
quainted with, by which Fire may be collected and ſupported in any place, 
it remains now that we ſay ſomething of that other moſt common and ef- 
ficacious one, by which the ſame thing is effected, viz. the mixing different 
Bodies with one another, which affords us abundance of very extraordinary 
Phenomena. Of theſe, however, as there is an infinite number, it is impoſſi- 
ble to mention them all, though it 1s neceſſary to touch upon ſome of them, 


O the Heat ariſing from the mixture of vegetable Subſtances. 

The Philoſophers have long ago obſerved, that upon mixing certain different 
Bodies together, there often ſuddenly ariſes a very conſiderable degree of Heat 
or Cold, evidently depending upon this cauſe : And this Heat or Cold, they 
took notice, did not exiſt in the Bodies before this Mixture, nor continued any 
longer than till this was perfectly compleated, the Bodies then returning again 
roſthe very ſame temperature they were of before. The hiſtory of theſe the Lord 
Verulam, in particular, began, and Boyle and Hook carried to greater perfecti- 
on: A few inſtances I ſhall here exhibic before you. Give me leave, however, 

- firſt to explain to you the inſtruments that have been contrived on purpoſe for 
Pl v. Fig i. theſe Experiments, and which I ſhall make uſe of as I proceed. ABCD is a 
large Thermometer filled according to Art with ting'd Spirit of Wine, which is 
fixed in ſuch a manner to the board it is let into, that the lower part of it 
MBA may be free of the Wood, and thus the Veſſels, in which the- Liquors 
to be examined are to be mixed, may receive it without any difficulty ; and 
to render the numbers on the fide ſufficiently viſible, the board is painted 
very black, and theſe white. The Veſſel, then, with the Liquid is to be placed in 
ſuch a manner under this Inſtrument, that the whole Thermometer AB may be 
within the Veſſel, and in the Liquor ; and then let the other Liquor be poured 
in, and let them be well ſtirred about with a glaſs Pipe, that they may be 
intimately mixed together; and by this means the Thermometer will immediate- 
ly indicate the alteration that is produced, with regard to Heat or Cold, from 
this mixture. By this inſtrument now, and this method, you will be able to 
ſee perfectly the whole Affair at a diſtance; let us now therefore begin. 
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EXPERIMENT I. 


In this veſſel are two ounces of rain Water, rendered exceeding pure by 
diſtillation in a tall Glaſs with a gentle Fire. In this other there is the ſame 
quantity of common Spirit of Wine. Both theſe Liquors, you ſhall ſee 
me examine with this ſmall Thermometer; and you obſerve they have both 
44 degrees of Heat. One of theſe, now, I put under the Thermometer juſt ex- 
plained, which ſtands likewiſe at the ſame number 44. I'll now mix theſe toge- 
ther at once, and ſtir them about with this cold glaſs Tube; and you per- 
ceive evidently, that they have acquired ſuch a degree of Heat from this 
mixture as to make the Thermometer riſe to the degree 52. Hence then 
we learn, 1. That this pure Water, and the Spirit of Wine, were in the Air 
equ3}ly hot before the mixture. 2. That the Air, Spirit of Wine, and Water, 
had before this mixture the ſame degree of Heat. 3. That if Air and Water, 


or 


or Air and Spirit of Wine, are mixed together, there will be no alteration 
produced in their Heat. 4. That upon mixing Spirit of Wine and Wa- 
ter together, they grow hot immediately, but not from the Heat that was 
in them before, for they were both equally hot or cold. 5. But from ſome 
other phyſical cauſe, which was latent in them, and which, upon the mix- 
ture, produced this Heat. 6. That this Heat, that is thus generated from 
this mixture, laſts no longer than during the time in which it is performed, 
and then ceaſes, tho? you agitate them much more forcibly than you did in 
mixing them. 7. That the whole phyſical cauſe, therefore, of the producti- 
on of this conſiderable Heat, is only the firſt application of the particles of 
the Spirit of Wine to thoſe of the Water; and that Fire is inſtantly excited in 
the very contact, and diſappears again preſently after it. 8. That the Fire 
thus generated, or diſcovered by this mixture, is true elementary Fire; as its 
effect upon the Thermometer evidently demonſtrates. 9. That a good deal 
of the Heat was deſtroyed, whilſt the Thermometer was heating by the mix- 
ture to this degree. | | 


| EXPERIMENT If. 
Obſerve, again, theſe two Veſſels, one of which contains the ſame quanti- 


ty of Water, as in the former Experiment, and heated to the ſame degree, 


vix. 443 the other the ſame quantity of pure Alcohol preciſely as hot as the 
Water ; the Thermomecer likewiſe, as before, ſtanding at the degree 44. Theſe 
then being mixed in the ſame manner as in the preceding Experiment, the 
Thermometer riſes to the degree 62. Hence, then, we infer, 1. Every thing 
that was taken notice of in the firſt Experiment. 2. That Water and Al- 
coho], by being mixed together, grow very hot, much hotter than Water and 
Spirit of Wine. 3. That the cauſe, therefore, of this greater Heat depends 
intirely upon the proportion of the Alcohol, to that of the Water with which 
it is mixed. 4. That Water, by being poured upon Alcohol, cauſes a grea- 
ter quantity of Fire to enter into the Alcohol, than was in it before, though 
this ſo much reſembles Fire ; for Alcohol mixed with Alcohol produces no 
heat at all; Water mixed with Alcohol does. 5. That the leſs Alcohol, the 
Water, which is thus mixed with the Alcohol, has in it, that is, the purer 
_—OT is, the more Heat it will generate in the Alcohol ; and the re- 
verle. 


EXPERIMENT III. 

I take now two ounces of alcaliſated Alcohol; and the fame quantity of 
pure Water. Before they are mixed they are equally cold, viz. 41 degrees; 
as is likewiſe the Thermometer : The mixture gives 54 degrees of Heat. Hence 
we ſee, 1. The truth of what has been aſſerted under the firſt and ſecond 


Experiment. 2. That Water and alcaliſated Alcohol grow hotter upon 


mixing, than Water and Spirit of Wine; but leſs fo, than Water and pure 
Alcohol. 3. That the cauſe therefore of Heat in thefe mixtures is owing 
wholly to the Alcohol, and pure Water. 
Compire with theſe the Obſervations of the famous Mr. Geoffry, in the 
Mem. de P Ac Roy. 1723. p. 53. Theſe Experiments furniſh us with ſome 
Bodies, and thoſe pretty remarkable ones too, by which we may bring 92 
| 2 this 
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this generation of Heat; and in theſe, beſides what has been obſerved alrea- 
dy, I think this deſerves to be particularly taken notice of, that in them all 


the Heat is only generated in the very point of mixing, nor is any greater 
degree perceived afterwards, And hence, the quicker this is performed, 


the Heat that is excited by the ſame quantities will be always the greater 


and on the contrary the leſs, the flower, and more ſucceſſively. For as ſoon 


as ever the mixture is ſo compleated, that all the particles of the Water are 


united with all the particles of the Alcohol, in vain will you expect any 
farther increaſe of Heat. Nor will a violent agitation of the mixed Liquors 
be then of any conſequence ; for the degree of Heat will afterwards not on- 
ly be no greater, but in thoſe three Experiments, when the mixture 1s once 
perfectly finiſhed, it begins immediately to remit, and a ſucceeding Cold in- 
creaſes every moment, till the Liquor is ſoon reduced to the common tem- 
perature of the Atmoſphere : And in the ſame manner the Experiments I have 
tried have always ſucceeded. Hence, therefore, we infer, 1. That at the 
point of time, in which the Elements of the Water and Alcohol come into 
contact, there ariſes ſome phyſical cauſe which attracts the Fire thither. 
What this cauſe is, it is not eaſy to determine. This, however, we obſerve, 
that at the time particularly when the mixture is firſt made, the Liquors, 
which were before clear, loſe their tranſparency ; and that this opakeneſs 
continues ſo long as the Heat is generating, which being quite compleated, 
they perfectly regain their pellucidity. And again, preciſely at the very 


ſame time, there is produced a vaſt number of very ſmall bubbles, which 


move among the mixed elements of the Liquors, preſently burſt, diſappear, and 
are again renewed ; but when once the Heat is generated, are never obſerved 
after. Whether, now, theſe Bubbles do by their motion produce this Heat, 
or rather, whether they themſelves are generated by the Heat's rarifying the 
aereal particles interſperſed through the Liquors, is hitherto matter of doubt. 
2. This, however, we learn certainly from thoſe Experiments, that this Heat 
does not depend upon the united ſubſtance of both Liquors, but upon 
ſome other cauſe, which exerts itſelf only in the very firſt union of the ele- 
ments together. On this Account, therefore, it ſeems very probable, that all 
the Heat thus generated exiſts there but the leaſt inſtant of time; which 
certainly is very remarkable. Nor does Gunpowder, perhaps, burſt ſooner in- 
to Flame, by the application of a ſpark to it, than this Heat ariſes upon the 
mixing of theſe Liquors. 3. The more accurately, and intently, therefore, 
we examine this affair, are we not ſo much the more at a loſs to find out 
what this in reality is, which thus collects this Fire? Is it the reciprocal at- 
tractive power of theſe elements, by which, when they approach one another, 
they ruſh into contact, and by this Colliſion excite little Fires? Or does an 
alternate attraction, and repulſion between theſe elements, produce a very 
ſwift attrition among them, and by this means generate Heat, the attrition 
cealing again, when the particles are equally diſtributed among one another, 
are at reit? 4. Since this Heat ariſes in Water and Alcohol, upon their be- 
ing mixed together, whether they had this or that particular degree of Heat, 
when they were ſeparate, and the new degree is ſo much greater than that be- 
fore the mixture; hence, therefore, Alcohol, by being mixed with the Wa- 
ter of our Blood, may, to a certain degree, and for a certain time, heat it 


8 | 3 very 


Theory of the ART. 217 
very ſuddenly, tho' afterwards, however, it will in this reſpe& have no far- 


ther effect upon it. 5. For this reaſon, therefore, Bodies that are cold from 
a watery dampneſs upon them, may be warmed by being rubb'd with Alcohol ; 


and on theſe principles the effects of Baths and Fomentat ions made with Al- A 

cohol may be underſtood, | 3 

| ExexrimEtnT IV. 1 

| the pureſt Water, and the moſt generous Wine are perfectly united 1 

together in the ſame manner, they don't diſcover the leaſt ſenſible increaſe 1 

or decreaſe of Heat; there is ſomething of Warmth, indeed, but it is ſo 4 
exceeding ſmall, that it can ſcarcely be perceived. Hence it appears, 1. That {oY 

Water and Wine are equally warm in themſelves, and that they till conti- 4 

nue of the ſame Warmth after they are mixed together. 2. That the appli- 7 

cation of Wine, therefore, does not heat any thing conſiderably more than Is 

Water. 3. That the Heat, of Conſequence, that is perceived in a human "4% 

Body from drinking of Wine, does not ariſe from any Heat that pre-exiſted x 

in the Wine, and is then communicated to the Fluids, but is owing to its 9 
ſtimulus, by which the velocity of the Blood being increaſed, and a greater 8 
attrition excited between the Veſſels and the Fluids, Fire of courſe is attracted Wo 

— 5 + ge WM 
EXPERIMENT V. | "NY 

From this quick mixture of Water with the diſtilled Vinegar of the ſtrong- Ui 
4 eſt Wine, which were perfectly of the ſame warmth, you don't perceive the "0 
] leaſt degree of Heat produced, but they remain exactly as they were before. KY 
| Hence, therefore, 1. The Heat of Water and Vinegar is the ſame, nor does "=o 
i there ariſe any alteration in it, by mixing them together. 2. The refrige- 9 
E rating power, therefore, of Vinegar in the human Body, ſo extolled by the "BY 
| Phyſicians, muſt depend intirely upon ſome other cauſes than a Cold that is 1 
natural to the Vinegar. 7 
EXPERIMENT VI. gl. 
Theſe two Veſlels contain equal quantities of Oil of Tartar per Deliquium, "RM 
; and pure Water, which are both exactly as warm as the external Air; and \ mA 
: you perceive evidently, now I have perfectly mixed them together, they re- 1 
: tain preciſely the ſame degree of Heat. Hence, 1. That Liquor, which I 
Þ of all Fluids appears to us the moſt fiery, is in reality no hotter in Thi 
# itſelf than pure Water; nor is Water any ways cooler than that N 
| very heating Liquor. This aſſertion, to a perſon unacquainted with this 1 
; Experiment, would ſeem an extraordinary paradox; but the Truth of it, 1 
. however, is undeniable. 2. This Liquor, which is eſteemed ſo igneous, if it 1 
: is mixed with Water, don't at all leſſen its Coldneſs. 3. When a fixed fiery 1 
: alcali is once diſſolved in ſuch a quantity of Water as is ſufficient to dilute "BY 
it, it will not afterwards generate Heat in any other Water, 4. Neither, i 
: therefore, can this liquid Alcali excite any Heat in this reſpect, by being 77 | 
; mixed with the Water of our Blood. vi 
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ExPpERIMENIT VII. 


1 have here Water, and diſtilled Oil of Turpentine, which now they are 
ſeparate, are juſt as warm as the Air at this time; and though I now mix 
them together as intimately as poſſible, yet they don't generate the leaſt de- 
gree of Heat. Hence again, 1. Diſtilled eſſential Oil, which heats the human 
Body to ſuch a degree, and defends it ſo happily againſt the ill effects of Cold, 
has in reality no more Heat in it than ſimple cold Water. 2. This Liquor, 
though in a great many of its properties it comes ſo near to Alcohol, yet 
communicates no Heat to the Water it is mixed with, though Alcohol, 
by being mixed with Water, excites a very conſiderable degree; which ex- 
traordinary Phenomenon makes probable the doctrine we before laid down, 
when we aſſigned the firſt contact of the elements of the Water and the Alco- 
hol, as the principal cauſe of the Heat that is thus generated. 3. This Oil, 
therefore, again, cannot add any Heat to the Water of our Blood, by being 

mixed with it. e 


E x p E RIM ENT VIII. 


The moſt certain mark, perhaps, of Alcohol's being perfectly pure, 
is its ſuffering itſelf to be intimately mixed with diſtilled Oils, by ſimple 
concuſſion; for if it contains but the ſmalleſt quantity of Water, ſuch a per- 
fect mixture will not be poſſible. Some ſuch Alcohol I have here, which 
is equally warm with this very pure ætherial Oil of Turpentine, and the 
Air at this time. Theſe, now, Ill mix together, and what do you ima- 
gine will be the conſequence ? You ſee they unite intimately with one another, 
Juſt as Alcohol does with Alcohol; and that there is not, the leaſt variation 

from the Heat which both the Liquors had before the mixture. This, cer- 
tainly, perfons generally would not have expected: Nay, even thoſe who 
were acquainted with the former Experiments would imagine, that ſome de- 
gree of Heat muſt ariſe from the intimate contact of the Oil and Alcohol. 
We here ſee, then, that the particles of Alcohol will bear to be as perfectly 
and equably diſperſed through the Qt}, as they will through Water; but that 
no Heat, however, is generated bygthis means: Alcohol, therefore, will not 
excite any Heat by being mixedgwith our Oils, though it will if it is mixed 
with the Water of our Blood, What new and unexpected diſcoveries do we 
make in natural Philoſophy, Meth we deſignedly apply Bodies to one another! 
Let us, therefore, proſecute ns method as much as poſſible. 


Hi EN 11 MENT IX. 
Diſtilled Vinegar, and Oil of Tyrpentine, which now they are ſeparate, are 


75 


ef Y 


* Should not equaJly hot with the Aip, und one another, viz. * 44 degrees, I thus gently and 
this be 42 * gradually mix togethgf z' and by a ſucceſſive augmentation, they increaſe the 
Experiment · heat to the degree 45. Here therefore, 1. The Vinegar and the Oil are of them- 
ſelves equally hot. #24 Some Heat ariſes from their being mixed together. 3. 

Hence the power that Acids have of generating Heat with oily Bodies begins 

to diſcover itſelf, 'th&6* they are ſo but in the ſmalleſt degree, for as Monſ. 
Homberg has dechonſtrated the ſtrongeſt Vinegar don't contain above one 
cightieth part of pure acid. Mem. de PAs. Roy, des Sc. J. I. p. 52. 4. 

ä e Fa 7 » g Vinegar, 


- Theory of the ART. | 
Vinegar, therefore, will generate ſome Heat with our Oils by being mixed 
with them. 5. And in this reſpe&t Vinegar differs from Water. 


EXPERIMENT X. 


The ſame Vinegar and Alcohol, which I made uſe of before, and whic 
are qually hot with the Air, I now mix together ; and you perceive what 
a remarkable Heat immediately ariſes: For from the degree 42, in which 
they were before the mixture, they now raiſe the Thermometer to 52. Hence, 
therefore, 1. Alcohol and Vinegar are ſeparately equally hot. 2. A very 
conſiderable Heat is generated by their being mixed together. 3. Alcohol 

grows hot with Vinegar, ſo much more than it does with Oil. 


EXPERIMENT XI, 


Oil of Tartar per Deliquim, and Oil of Turpentine, ſeparately equally hot, 


_ viz. 45 degrees, upon mixing, raiſe the Thermometer to the degree 48. Hence, 
I. Theſe Liquors of themſelves have the ſame degree of Heat. 2. In mix- 
ing, they grow conſiderably hotter than they were before. 


EXPERIMENT XII. | 


The ſame Vinegar and Oil of Tartar per Deliquium, which ſeparate were 
eqally hot, viz. 46 degrees, being expeditiouſly and accurately mixed . toge- 
ther, continued exactly in the ſame degree of Heat: But in this Experiment 
I made uſe of 3 parts of Vinegar, and 1 of Oil. Hence, therefore, it ap- 
pears, that Fire is not collected by the Union of oppoſite Salts. 


EXPERIMENT XIII. 


Alcohol, and Oil of Tartar per Deliquium, that were as hot as the common 
Air, by being intimately mixed together, increaſed their Heat from 64 de- 
grees to 68. | 


EM PERIN ENT XIV. | 
I have in this Phial ſome of rhe ſame Alcohol, equally hot with the Air at 
this preſent time, viz. 47 degrees. Into this, now, I pour ſome pure, dry, 


fixed alcaline Salt of Tartar 3 upon which the Liquor in the Thermometer 
riſes ro the degree 51. | 


EXPERIMENT XV. 


With this pure Water, I mix one third part of the ſame Salt of Tartar; 


and the Thermometer riſes from the degree 47 to 57. 


. ExPERIMENT XVI. | | 
I now put one part of the ſame Salt of Tartar, to three of the Vinegar we 
made uſe of before; and the Thermometer riſes from 43 to 49. 


EXPERIMENT XVII. 
With three parts of Oil of Turpentine, I mix one of the ſame Salt of Tartar ; 


and the Thermometer riſes from 43 to 48. | 
> 8 2 From 
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From what has been hitherto laid down, then, we learn, 1. That the 
ſimple Bodies, which are chemically extracted from Vegetables, have 
really the very ſame degree of Heat in them, viz. that of the common Air, 
at the time they are examined. 2. That ſome of theſe acquire a greater 
Heat by being mixed together; which generation of Heat, however, continues 
no longer than during the time of the mixture, which being perfectly com- 
pleated, the new degree of Heat does not remain, but they gradually return 
| - again to the temperature of the common Air. 3. That this production of 
Heat, therefore, does not depend upon the Subſtance of the united Bodies, but 
only upon the union of them at that time. 4. That Alcohol and Water are 
the principal of the vegetable Fluids, which have that power of generating 
Heat, which has been deſcribed. 5. That Salt of Tartar and Water are the 
chief among the Solids and Fluids, which, by being mixed together, produce 
the greateſt degree of Heat. 6. And that next to theſe, Alcohol and Salt of 
Tartar, are the moſt efficacious. Theſe, then, being thus diſpatched, let us, 
with the ſame care proceed to examine the parts of Animals. 


no Elements of CuzmisTay, Part II. 
| 
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Of the Heat ariſing from the Mixture of animal. and vegetable Subſtances. 
ExXPERIMEN T I. | | 
Freſh Urine, well concocted in a healthy Body, being expoſed to the Air, 
ſoon acquires the ſame temperature with that at that time; and if it then; as 
you ſee, is mixed with an equal quantity of Water, it makes no alteration at 
all in the Thermometer. 5 5 
If it is mixed with Alcohol, the Heat increaſes from 38 degrees to 49; 
With Oil of Turpentine it ſuffers no alteration. 
With Salt of Tartar the Thermometer riſes from the degree 38 to 39. 
With the ſtrongeſt Vinegar no alteration, e 
Nor with Spirit of Urine. 
With Salt of Urine it deſcends two degrees. 
With Spirit of Nitre it riſes from 38 to 43. 
With Spirit of Salt, from 39 to 43. 
With Oil of Vitriol, from 39 to 54. 


g ExPERIMENT II. After various manners. 
| The Urine of a healthy man being kept a good while in a cloſe Veſt, 
| and by this means being very much putrified, will have the ſame temperature 
as the Air at that time; and if it is then mixed with Water in equal quanti- 
ty, will cauſe a ſmall deſcent in the Liquor of the Thermometer, 111 8 
Being mixed with Alcohol in the ſame manner, the Heat increaſes fro 
the degree 38 to 43. | 
With Oil of Turpentine, no alteration. | 
With Salt of Tartar, the Thermometer deſcends from 38 to 36. 
With the ſtrongeſt Vinegar, aſcends from 37 to 38. 
With Spirit of Urine, deſcends from 38 to 36, 
With Salt of Urine, from 38 to 32. 
With Spirit of Nitre, aſcends from 38 to 40. 


With 
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With Spirit of Sea Salt, from 38 to 41. 
With Oil of Vitriol, from 38 to 45. 


— 


ExyPERIMENT III. After various manners. 


Salt of Urine procured from freſh Urine by diſtillation, without the addition 


of any thing but Sand, being mixed with Water in the manner r often deſcribed, 
made the Thermometer deſcend from 40 to 38. 


With Alcohol, it aſcends from 40 to 41. 
With Salt of Tartar, from 40 to 45. 
Wich the ſtrongeſt Vinegar, it deſcends from 43 to 41; but with the ſame 


inſpiſſated to the conſumption of one half, aſcended from 42 to 44. 
With Spirit of Nitre, from 43 to 60. 


| 


ExyERIMENT IV. After various manners. 


With a pretty ſtrong, volatile, alcaline Spirit, prepared from equal quan- 
tities of Sal. Ammoniac, and Salt of Tartar, I mixed an equal quantity of Spirit 


of the ſtrongeſt Vinegar, when they were both equally hot with the Air; and 
the Liquor in the Thermometer roſe from the degree 44 to 48. 


With the ſtrongeſt Vinegar, inſpiſſated to one half, from 46 to 47 =. 

64. 
With Spirit of Nitre, diſtilled with Bole, from 46 to 82. 

_ Of the Heat generated by the wixtore of foſſil Subſtances. 


ExPpERIMENT I. Aſter various manners. 
J here take 3 ounces of clean Water, 47 degrees hot, and put to it 1 


ounce of pure Nitre reduced to powder; and the Liquor in the Thermo- 


meter deſcends to the degree 36. 


I mix 1 ounce of pure Borax with 3 ounces of Water, 48 degrees hot 
and the Thermometer falls to 45 2. 


With 3 ounces of Water, 46 degrees hot, I mix I ounce of Sea Salt; and 
it falls to the degree 43. 


To 3 ounces of Water, 47 degrees hot, I put 1 ounce of gal Ammoniac 
and it falls to the degree 28. 


With 3 ounces of Water, 45 degrees hot, I mix 1 ounce of Oil of Vitriol 
not rectified ;. and it riſes to the degree 60. 


J 2 ounces of the pureſt Alcohol, 47 degrees hot, I add 1 ounce of Oil 
of Vitriol not rectified ; and it riſes to the degree 60. 


With 3 ounces of diſtilled Vinegar, 46 degrees hot, I mix 1 ounce of Oil 
of Vitriol not rectified ; and it riſes to the degree 60. 


Ceruſs, by cauſing an ebullition with weak Agua Fortis, makes it rife from 
the degree 44 to 57. 


Tin, by caufing an ebullition with weak A. Regia, makes it riſe from 
the degree 44 to 56. 


Filings of Iron, by cauſing an ebullution with Ag. Regia, make it riſe from 
the degree 44 to 100. 


2 A great 


With ſpirit of Salt diſtilſed with Bole, and afterwards rectified, from " to 
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Elements of CH EMIST RV, Part II. 


A great many other Experiments J have made of the like nature, but am 
afraid I ſhall tire your patience, Give me leave, however, to obſerve, that 
if all the ſimple Bodies in the animal, vegetable, and foſſil kingdoms were 
examined in this manner, beginning firſt with theſe of the ſame claſs, and 
carefully noting all the Phenomena that ariſe from the mixture of theſe; 
and afterwards proceeding to make the ſame trials upon the ſimples of dit- 
ferent claſſes; we then ſhould ſoon have a compleat and certain hiſtory of 
the Heat that is generated by the ſole mixture of various Bodies with one 
another. But here let me caution you, that the Experiments thus performed 
before you, are not made with that care and accuracy, as they might and ought 
to have been, if we would have ſettled chis affair nicely z but this the ſtraitneſs 
of our time, and the fear of being tedious, would not admit of, And beſides, 
as ſo large a number of you do me the honour of attending to theſe lectures, 
and I am willing you ſhould all fairly perceive the event of the Experiments, I 
thought it proper to make uſe of ſuch large Thermometers. But theſe, as 
you know, by having their large Bulbs immerſed in ſo ſmall a quantity of 
Liquor, muſt, by being affected themſelves, make an alteration in the Heat 
or Cold produced in the mixture, and thus make ſome variation in the 
viſible effect. Theſe Experiments, therefore, for this reaſon, you mult not 
look upon as very exact. If your own ingenuity ſhould put you upon pro- 
ſecuting theſe inquiries with greater accuracy, I would adviſe you. to make 
uſe of thoſe beautiful Thermometers of Fabrenheit, that are made with Mer- 
cury; which is the ſort I made uſe of in producing the Cold with Sal- Ammo- 
niac, which I ſome time ago gave you an account of. Theſe have this great 
advantage, that they are exceeding ſenſible of Heat and Cold, and at the lame 
time are ſo ſmall, that they make very little alteratioa in the Heat of the 
Liquors to be examined, 


Of irue Fire generated in a cold Body, by the ſole acceſs of the Air. 


The indefatigable induſtry of the Chemiſts is continually finding out ſome- 
thing which former Ages were not acquainted with. Now among theſe diſ- 
coveries, Gunpowder excepted, there is nothing more ſurprizing than thoſe 
Bodies, which, whilſt they are kept from any communication with the com- 
mon Air, are as cold as others, but as ſoon as ever this has a free admiſſion 
to their ſurface, preſently take fire and flame of themſelves, purely from 
this cauſe, without the acceſſion of any other Body, any mechanical attrition, 
or the application of any Fire. Theſe Bodies have obtained the name of 
Phoſphori: Thoſe alone I mean, here, by which Fire is really generated; 
not regarding the other, which only ſhine in the dark, and do not at the 

ſame time excite any Fire. 1 5 
If the Juices of Animals, when they have firſt undergone a great degree of 
putrefication, are by the action of the Fire deprived of all their volatile Salt, 
and Oil, they leave behind them a kind of a Coal: If you mix this with three 
times its quantity of Sand, or powder'd Charcoal, or with two parts of Char- 
coal, and half a one of Alum 3 and then put it into a coated Retort made 
of crucible earth, and urge it with a reverberatory Fire, gradually increaſed to 
the greateſt degree, and equably continued for a conſiderable time; and if 
at the ſame time you take care to diſpoſe the Retort in ſuch a manner, that 
| 8 _ 


- 


| Theory of the ART: 

the mouth of it ſhall touch ſome Water contained in the Receiver, which muſt be 
accurately luted; if you proceed, I ſay, in this manner, you will then with your laſt 
degree of Fire, after ſome Fumes, have a heavy, greyiſh matter, which will 
fall in grains to the bottom of the Water, will not diſſolve in it, melts 
with Heat, and may by the aſſiſtance of it be formed into maſſes under the 
Water. This, which is called the Phoſphorus of Crafftius, Kunkelius, and Boyle, 
if it is kept cool under Water, may be preſerved a great while without altera- 
tion; tho? if the Air by any means grows very hot, it will ſhine in the dark, 
even through the Water it lies in; but if it is openly expoſed to but a warm 
Air, it then becomes lucid, and if the heat is pretty conſiderable, upon exami- 
nation with a Microſcrope, you may perceive a conſtant ebullition in the inter- 
nal parts, ſoon after which, it burſts into Flames, conſumes, and leaves be- 
hind it an Oil of Vitriol, or a Liquor exceedingly like it in acidity and weight. 
This, therefore, is a new method- of generating Fire, perfectly diſtinct from 
all the former, Does the Air, then, when it is pretty warm, at which time it 
is probable it is in a conſtant ebullition; I ſay, does the Air then, by its con- 


cuſſions, cauſe an attrition in the parts of the Phoſphorus, and, by this means, 


excite in this very Mobile, but at the ſame time pretty fixed matter, ſome 
degree of Heat, then Light, and afterwards Flame ? Certainly, if it is ex- 
poſed to the Air in the greateſt Cold, it ſcarcely ſhines, does not grow hot, 


and is far from being ſet on fire: But as ſoon as ever it begins to flame out, 


it can ſcarcely be extinguiſhed. In almoſt every quality, and the Analyſis of 
it by deflagration, it comes very near to the pureſt common Sulphur, but is 
of a ſofter conſiſtence, more eaſily melted, and on that account is rather of the 
nature of Wax. In this reſpe&, however, there is this difference between 
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them, that Phoſpborus boils and takes fire with a ſmall degree of Heat. See 


Boyle. Nofiluc. Aer. Slare. Philoſ. Tranſ. 1683. p. 1457. Homberg. Mem. de 


Mathem. & Phy/. Ann. 1692. p. 74 to 80. Nieuwentyt. p. 520. Hoffman. Diſſert. 
Chem. Phyſic. p. 336. | 


But there has been another and much more beautiful method diſcovered of Igneous 


mak ing a Matter, which upon contact with the Air, whether hot or cold, im- 
mediately generates Fire, and burns. This was firſt communicated to me by 
Letter, by the egregious Homberg of Paris, the 16th day of April, 1712, 
which was delivered me by the ingenious Haſberg, who at the ſame time added 
ſome conſiderable remarks of his own. Afterwards, when the method was 
rendered more eaſy, and leſs diſagreeable, it was publiſhed in the Journal des 
Scavans, An. 1716. p. 60. And here give me leave to obſerve, that as the 
Phoſphorus juſt now mentioned, owed its diſcovery to a crazy headed Alchemiſt, 
that was hunting after the Philoſopher's Stone in Urine 3 ſo this which I am going 
to deſcribe, was the invention of one of the ſame Sect, who was madly pur- 


ſuing this occult Stone in human Fæces. The Operation is as follows. Take 


the Fleſh of a tender Animal chopp'd very ſmall, or any of its Juices, or even 
its Excrements ; put this Matter into an iron Frying-pan over a moderate 
Fire, and with an iron Spazula, keep ſtirring it about till it is reduced to a dr 

black Powder: Or inſtead of this, you may treat in the ſame manner any ſoft Ve- 
getables, any fort of Meal for inſtance, it ſignifying very little, which of theſe 
you make uſe of. Take 1 part then of this black torrified Powder, and rub 
it with 4 parts of crude Alum, *till it is brought to a very fine Powder. Ag 
2 this 
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Phoſphorus, 
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this into an iron Frying- pan, and roaſt it over the Fire, all the while ſtirring 
and rubbing it with a Spatula almoſt red hot to keep it in form of a Powder; 
and whenever the Alum is melted, and with the Powder runs into lumps, 
theſe mult be immediately rubbed to pieces, and the whole mult be thus kept 
in motion, till the matter will emit no more Fumes, but is totally converted 


into a fine, dry, fix'd Powder, that is perfectly black. Take then this dry 


black Powder, and put it into a clean dry glaſs Bolt-head, with a ſlender Neck, 
filling the Body two thirds full; and Jet the mouth of the Glaſs be covered 
with a Paper, ſo that the Air may paſs in and out freely; and that the Fumes 
may get readily out of the neck of the Glaſs. Put this Bolt-head into a Cruci- 
ble, and ſo guard it with Sand, that the ſides and bottom of the Crucible may 
be well ſecured from touching the Glaſs; and let there be left ſo much room 
above the Sand, that you may eaſily look into the Body, and ſee whether the 
Matter contained in it, is red hot. Round the crucible then, with the Sand, 
and Bolt-head, diſpoſe ſome burning Coals in ſuch a manner, that it may be 
heated gently and by degrees, 'till it grows all over thoroughly hot; and 
then increaſe the Fire, 'till the Crucible, Sand, Bolt-head, and Matter con- 
tained in it, are perfectly red. When you obſerve this to be the caſe, 
keep up the Fire in the ſame degree for the ſpace of an hour; and then, 
whilſt the force of the Fire continues, cloſe the Orifice of the Glaſs ſo accu- 
rately with Wax, that no Air can poſſibly get into it. This being done, let 
them all cool of themſelves ; and in the Bolt-head you will have a black pow- 


dery Coal, compoſed of the Powder and the Alum. If any of the Matter then 


thus prepared is thrown out of the Glaſs into the cold Air, it inſtantly takes 
fire and burns; but if it has once been expoſed to it, it loſes intirely this vertue. 
And this method of generating Fire ſeems the moſt ſurprizing of any we are 
acquainted with, as this matter will retain its power of exciting Fire for the 


ſpace of three whole months, if it is kept from any communication with the 


external Air. In this Experiment, now, we have a true animal, or vegetable 
Coal produced by the calcining force of the Fire, and that an exceeding ſubtil 
one too, and conſequently intirely fit to feed and ſupport a ſpark of Fire when 
once it has received it; as appeared formerly in our Hiſtory of Coal. This 
Coal too is rendered as dry as it is poſſible to make it; as appeared through 
the whole proceſs: For if the leaſt Moiſture, nay even that which is diſperſed 
in the Air, comes at the Powder, the ſucceſs of the Experiment is intirely fruſ- 
trated. And here we muſt obſerve, that all the Air, likewiſe, muſt be expelled 
by this exceſſive Heat: For at that time, the mouth of the Glaſs muſt be 
carefully ſtopped, when the greateſt degree of Fire which the Glaſs can bear 
without melting, has forced all the Air out of its Cavity, and out of the Mat- 
ter contained in it; for if by any means the Air can inſinuate itſelf in after- 
wards, the Experiment will never ſucceed. In the mean time, by this pro- 
tracted calcination, the Air, Water, and volatile acid Spirit muſt be expelled 
from the Alum likewiſe, (which ſeems to be a-Lime-ſtone prey'd upon by Oil 
of Vitriol, and converted into a Salt) nothing at all remaining but a ver 

ſtrong Oil of Vitriol, fixed in the exceeding dry Earth. Theſe Bodies now, 
which are vaſtly attractive of Moiſture, grow hot upon the admiſſion of Air, 
and this ruſhing into their empty Pores with the Impetus formerly computed, 


P.: 130, will in an inſtant cauſe a moſt vivid attrition of its parts, and thus, 


perhaps, 
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perhaps. generate Fire, which being received on that very fine Coal, will be 
eaſily ſuſtained and ſupported. But whether this, or ſomething elſe, is the 
cauſe of this wonderful Phenomenon, this at leaſt we are now a-days certain of, 
that, without any aſſiſtance of Fire, it is poſſible for the common Air, b 
ſimple contact only, to ſet fire to a cold Body in ſuch a manner, that it ſhall 
by this means be totally conſumed to Aſhes, as certainly, as by any other 
Fire that weare acquainted with. But to the beſt of my knowledge, this laſt Ex- 
periment is the only one by which we can always effect it. Who then can pretend to 
ſet bounds to the power of Fire? Who, five and twenty years, would have 
thought ſuch a thing poſſible? Or who can foretell thoſe things that will 
be reveaPd to future ages? ſhould the Glaſs which contains this cold Powder 


be broke, and it ſhould fall amongſt Gun-powder, what would be the con- 
ſequence ? | , 


Of Fire produced from cold Foſſils by the belp of Water. 


If the freſh Filings of Iron, not yet ruſty, are mixed with an equal quantity Fireprodu- 
of very pure Sulphur, and they are ſtrongly rubbed together for a conſiderable n n. 
time, till they are reduced to a very fine Powder; then, this Powder, keep it Sulphur, and 
ever ſo long in a dry Air, will continue cold, if you carefully ſecure it from .. 
all Moiſture: But if you work this Powder with ſuch a quantity of pure Wa- 
ter, as to reduce it to a ſtiff Paſte z then, after ſome time, the Maſs will grow 
warm, fume, puff up, grow hot, emit a black, hot, ſulphureous Smoke, 
take fire, and flame: And after the Operation is over, there will be left a 
brown, black, fine Calx, by pouring Water on which, you may extract a kind 
of Vitriol from the Iron, exceedingly like the Vitriolum Martis, which in the 
common Method is prepared with Oil of Vitriol. If you take, now, a large 
quantity of each of theſe Foſſils, for inſtance, 25 pound of Iron, and as much 
of Sulphur, and make them into a Paſte, and bury it a foot under ground, 
after 8 hours, the Earth that 1s over it will begin to heave, ſend forth hot 
ſulphureous Vapours, and burſt out into Flames, and thus produces a true 
ſubterraneous Fire. Hiſt. deP Acad. Roy. 1700. p. 52. Mem. p. 101. And the 
reaſon ſeems to be this; the Sulphur being an inflammable Oil, concreted 
with the exceeding acid Oil of Vitriol ; and Iron being a Metal, which will al- 
ways diſſolve in the Acid of Vitriol, and by this means generate a very great 
degree of Heat ; hence, it ſeems probable, that when the very ſmall Parti- 
cles of theſe two Bodies are rubbed together, and thus brought into very cloſe 
contact, and by the addition of the Water, are held ſtill much more ſtrongly 
together; I ſay, when this is the caſe, it is probable, that the Acid of the 
Sulphur begins to corrode the Iron, and thus produces the uſual Heat; and by 
the effect of this continually augmented Heat, this ſolution being every mo- 
ment more efficaciouſly carried on, of conſequence the Maſs grows hotter and 
hotter; ſo that at laſt, a Flame breaks out, partly from the Oil of the Sul- 
phur which is freed from the Acid that is now gone into the Iron; and partly 
from the Vapour, that ariſes from the Iron now diſſolved by the acid Oil of 
Sulphur, which is eaſily inflammable. That this is the Caſe appears from ano- 
ther beautiful Experiment mentioned in the place above cited, and in Hof- 
man's Dif]. Phyſi. Ch. 169, which is as follows. Take a glaſs Bolt-head of a 
- middling ſize, with the neck of it cut off, and mix in it 3 ounces of Oil of 


G g Vitriol, 
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Vitriol, wich 12 ounces of Water; ſet the Glaſs then in a moderate Heat, 
and throw into it at different times, half an ounce or an ounce of Filings of 
Iron, and there will by this means ariſe a white Vapour, which iſſuing out of 
the neck of the Glaſs, cauſes a ſulphureous ſtench like Garlick, and upon the 
application of a Candle, takes fire like Lightning, ruſhes with a vaſt impetus: 
into the Glaſs, and being there violently agitated, produces very ſurprizing 
Phenomena ; fo that the Matter which conſtitutes theſe Fumes, ſeems perfect- 
ly like Alcohol, when it is raiſed by Fire into a Vapour. And thus there is. 
diſcovered a new method of generating Fire in a cold Matter no ways inflamma- 
ble, purely by the aſſiſtance of Water. And, indeed, we are moſt firmly per- 
fuaded, that there are in Nature, an infinite number of other methods, by 
which the ſame ſurprizing effect may be produced; and which poſlibly here- 
after may come to light. Damp Hay laid together in a heap will do the ſame 
thing. | 
5 Of the Production of Fire by the mixture of cold Liquors. 

Take halfa pound of very pure dry Nitre reduced to Powder, put it into a clean 
dry Retort, and mix with it an equal quantity of Oil of Vitriol very pure likewiſe, 
and perfectly freed from all its Phlegm : Diſtill this Mixture with a gen- 
tle ſand Heat, continued for a conſiderable time, and then a Spirit will ariſe 
in form of a yellowiſh Vapour, which collected in the Receiver, will be,//Glau- 
er's Spirit of Nitre. If in a glaſs Veſſel, now, you put a Drachm of diſt ill'd 
Oil of Cloves, Saſſafraſs, Turpentine, or Carraways, and then pour upon it an 
equal quantity, or half as much again of this Spirit of Nitre of Glauber, a vio- 
lent Flame will be excited by theſe Liquors, which were cold before the Mix- 
ture. Here again, then, is a moſt ſurprizing Experiment, and of infinite uſe _ 
in Chemiſtry, in which we fee a moſt rapid Flame inſtantly produced by two 
cold Liquors, which almoſt conſumes them both, leaving behind it only a ſmall 
quantity of a kind of reſinous Aſhes. And by this Experiment, we perceive 
again likewiſe, that very acid Liquors mixed with oily ones, which are preg- 
| nant with a Spiritus Rector, compoſe a matter very much reſembling Sulphur, 
and that very eaſily takes fire. See Borrich. Act. Hafn. 167. Hojfman. Obſ. Phyſ. 
Chem. 38, 42, 123, 127. Slare. Phil. Tranſ. N. 1yo. p. 291. | 

If we examine now carefully what has been. hitherto laid down, we may, 
poſſibly, be able to aſſert ſome things with ſufficient certainty, concerning the 
nature of Fire. Firſt, then, it is evident, that true elementary Fire is really 
corporeal. For as by this we mean ſomething, that may be meaſured geome- 
trically by three Lines drawn perpendicularly to one another from the ſame 
center, or, as we expreſs ourſelves now a-days, ſomething extended; fo, that 
Being, which we have conſidered in our former inquiries, under the notion of 
Fire, has appeared to be always extended. If, for inſtance, a ſolid filver 
Sphere almoſt red hot, is ſuſpended by a Thread, and let very gently down 
into cold Water, ſo that it ſhall put the Water hardly at all in moti- 
on; will not the Fire then of this Sphere diſperſe itſelf gradually through 
the meaſurable ſpaces of this Water, of which that which is neareſt the 
Sphere will be hotteſt, and the reſt will be heated proportionably, and thus the 
Fire will be really extended? For Thermometers placed in the Water at 
different diſtances from the heating Sphere, will indicate the different degrees of 
Fire diffuſed through the Body and Spaces, and demonſtrate a true — 


Theory of the A RT. 


of the Fire with the Body, or Space, and of conſequence, a real extenſion 
of it. And, certainly, our whole Hiſtory of Fire proves as evidently, that 
Fire is truly. extended, as ſpace is, or the Bodies contained in it. 


A ſecond general property that belongs to every known Body, is, that it ,, Asch 


movable, os. 


may ſucceſſively exiſt in the place which is next to that which it took up before, 
and thus may be really moved: And that, whether, firſt, it continues in the ſame 
ſpace, but is turned upon its own Axis, and fo all the parts conſidered together 
poſſeſs the ſame Space, though every particular part is changing its place every 
moment; or, ſecondly, the whole maſs leaves the place it took up before, 
and enters upon a new one, and continues ſucceſſively to do fo; or, laſtly, 
both theſe motions conſpire together. But it appears, by every Experiment, 
that Fire 1s thus moved likewiſe ; nor, indeed, was there one of them which 
did not demonſtrate a true phyſical motion; and therefore this needs no far- 
ther proof. But this mobility, now, is ſo cloſely connected in Bodies with a 
power of being at reſt, that no one can deny, but that that Body which one 
moment exiſts in any -particular ſpace, may be conceived to remain for two 
moments in the fame z which is in reality being at reſt : Since, therefore, all 


capable of 


reſt, 


the actions of Fire, which are conſtantly performed by motion, may be al- 


ways increaſed, or diminiſhed ; hence it is no ways abſurd to ſuppoſe, that 
Fire may be abſolutely at reſt in a determined ſpace; certainly not more ſo, 
than to ſuppoſe the ſame of any other Body. | 


* 


A third Affection of Body, and which is peculiar to that alone, is this, 3. As it re- 
that a ſolid Body, as ſuch, exiſting in any particular ſpace, infinitely reſiſts any - 


other ſimilar Body's poſſeſſing the ſame ſpace, at the ſame time. To this ſome 
perſons have given the name of Reſiſtance and Impenetrability; Democri- 
tus, by a moſt expreſſive term, called it dililoxia, or Repercuſſion. Nor indeed 
do I apprehend, we conceive any thing elſe by the word Impenetrability of Bo- 
dy, than this Repercuſſion of a Body, that endeavours to enter upon any part 
of ſpace which was poſſeſſed by another before. But if this Repercuſſion, now, 
does really obtain in any Body, it does certainly in Fire in particular : For this 
puts in motion, and changes the figures of the very ſolideſt Bodies we are ac- 
quainted with, ſo that there never was yet diſcovered any one that does not 
actually ſuffer ſome alteration from it in its true ſolid part, and receives a mo- 
tion from it, by which it is carried into other parts of ſpace with this impetus 
communicated to it by the Fire. But again, if we conſider, that true, pure, 
elementary Fire, when it is directed upon certain Bodies, is driven back again, 
or reflected in ſuch a manner, as to return from thoſe Bodies, on which it fell, 
with a vaſt impetus, nay ſuch a one as puts in motion every thing that is oppoſed 
to it; I fay, if we rightly conſider this, we certainly obſerve in Fire the moſt 
perfect aviivria; and by this means diſcover its real corporeal nature. For if, 
for inſtance, the igneous rays determined by the Sun, fall upon Y'ilette's ſpeculum, 
when it is exceeding cold, and conſequently, when it is moſt elaſtic, and reflects 
moſt powerfully, they will then be reflected into the Focus in a quantity that may 
be pretty nearly computed, with reſpe& to the magnitude of the aperture of 
the /peculum, and will there exert a moſt vehement corporeal force; which evi- 
dently demonſtrates, that this Fire is moved with reſiſtance. And this conſi- 
deration confirms the argument till more ſtrongly, that if the /pccaulum is very 


much heated, and conſequently dilated, looſer, leſs elaſtic, and leſs powerful, 
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with regard to its reflecting vertue, then the igneous rays, when they are returned 


| back by it into the Focus, will act preciſely with ſo much leſs force, as the hardneſs of 


the ſubſtance of the ſpeculum was diminiſhed. Hence, then, I think it n certain- 
ly evident, that Fire itſelf is cor poreal, and has a reſiſting power, inaſmuch as it is 
reflected from the Body it ſtrikes upon. Bat here again we obſerve, that if theſe 
igneous rays are vaſty united together, and hence have their ſtrength greatly 
increaſed, and become ſo powerful as to be able to melt the metalline ſubſtance 
of the ſpeculum, then there will be no reflection produced, but the Fire bein 

ſuperiour to the ſpeculum, will deſtroy it; a very evident proof, that this re- 
flection ariſes from the mere repercuſſion of Body upon Body. But we may 
conſider farther, that if this very pure elementary Fire is determined by the 
Sun through T{chirnbauſen's Glaſſes upon the iron Needle of a Compaſs, it will 
then, in the very point where the Focus falls upon it, turn it round, and thus by 
a true corporeal percuſſion put in motion the ſubſtance of the Iron. This percuſſion 
now being made upon an impenetrable Body, demonſtrates, that that, likewiſe, 
which moved againſt it, was not penetrable, but yielded ſome reſiſtance. Ele- 
mentary Fire, therefore, is truly corporeal. And every one of its elements or 
atoms, will conſiſt of particles united together; which it is very probable are 
not capable of farther diviſion by any natural powers. And hence the figures, 
likewiſe, proper to theſe elements, in all appearance, ſuffer no alterations b 

any force theſe powers are able to exert upon them. This wonderful element, 


therefore, is immutable itſelf, though it induces a change upon every thing 


elſe. But whether now Fire has likewiſe that property, which the great men 
of this age judge common to all Bodies, viz. that it gravitates in proportion to 


its ſolidity, does not yet appear ſo evident as perſons generally imagine. For 


upon examination of the whole Hiſtory of Fire, Iam almoſt induced to believe, 
that it doesnot tend towards the center of the earth, more than any other point, 


but that it is perfectly free from any natural determination, or tendency to any 


particular place, or Body: That it may be determined every way, without re- 


ſiſtance: That it exiſts in every place: That if there is no other cauſe to di- 


ſturb it, it is diſperſed throughout the whole univerſe: Nay, that naturally it 
exiſts every where, in the ſame quantity, and with the ſame power, All which 


poſitions, if I am not much miftaken, are plainly demonſtrated by the for- 


mer Experiments. 


The Cor- 


puſcles of 
Fire the 
leaft of all 
we are ac- 
quainted 
with. 


But in the ſecond place, the elements of Fire, which by their firſt property 
appear to be corporeal, ſeem to be the leaſt of all the Bodies that we are 
hicherto acquainted with. For if they are truly corporeal, they muſt, of con- 
ſequence, be exceedingly ſubtil, ſince they are able to inſinuate themſelves with 
ſo much eaſe into the very denſeſt Bodies, and paſſing through their whole 
thickneſs, exert their proper effects in the inmoſt penetrable parts of 'em. 
If a very large ſphere of ſolid Gold, for inſtance, ſhould be expoſed to a 


proper Fire, for a ſufficient time, it might be ſo penetrated by the Fire, as to 


be red hot to its very center: And if then it ſhould be divided into two 
Hemiſpheres, there would appear Light, Heat, and every known property of 
Fire, in every point of their internal Surface, But again, the Subtlety of theſe 
particles is ſo exceeding great, that amongſt all the Bodies that fall under our ob- 
ſervation, there is not any one ſo compact, and free from pores, or of ſo large 


a ſize, but that it may be forced to tranſmit Fire through it. Every thing elle, 
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of what kind ſoever, we can prevent entring into the meatus's of certain Bodies: 
Air, for inſtance, Water, Spirits, Salts, Oils, and all other Subſtances, we can ex- 
cludea Glaſs Bolthead, by hermetically ſealing it, and by the ſame means in- 
clude them ſo that they ſhall not poſſibly get out: Fire alone procures itſelf a 
free paſſage, both in and out, without any difficulty: Fire alone, both when it 
enters the Glaſs, and quits it again, exerts thoſe effects which are proper and 
peculiar to it. I confeſs, indeed, that the cauſes of Gravity, and Magnetiſm, in 
like manner pervade all Bodies, without having their proper activity diminiſh- 
ed: But then, whether theſe depend upon the emanations of Corpuſcles, or act in 
ſome other way, that we are not acquainted with, is not yet fo certain. Nay, 
and we muſt farther acknowledge, likewiſe, that both Gravity and Magnetiſm, 
in an inſtant, and almoſt without any retardation, penetrate through all Bodies, 
in their full force and efficacy; whilſt Fire requires ſome length of time before it 

can pervade thoſe that are very thick: But hence, certainly, the corporeal na- 
ture of Fire appears ſo much the more evident, which is not ſo manifeſt in 
the two former, For theſe reaſons, therefore, I aſſerted only, that the elements 
of Fire are the ſmalleſt of all the Bodies that are univerſally acknowledged 
to be true Bodies. Far be it from me to deny, that the Divine Being has 
in the material World created Corpuſcles that are actually more ſubtil than 
the Elements of Fire: This only I affirm, that it does not appear to the 
human ſenſes, by any phy ſical effect, that any ſuch Corpuſcles do really exiſt. 
But this infinite Subtlety of the Elements of Fire appears yet again, if we 


conſider, that the Solidity of Gold is ſo great, that if you gild a piece of 
Silver with a grain of it, in ſuch a manner, that the thickneſs of the golden 


foliage ſhall be only +555555 of a line (Ac. Roy. des Sc. 1713. 10), yet even 
then, when it is ſo vaſtly thin, you will not be able to diſcover the leaſt pore 
in it, by the aſſiſtance of the niceſt Microſcope. Nay, if you take a bit of 
Leaf Gold, ever ſo fine, and oppoſe it to the Sun, ſhining through a hole 
into a dark room, it will not ſo much as freely tranſmir the Light, but you 
will ſee only a greeniſh kind of caſt through it. And yet now a very large 
Sphere made of ſolid Gold, may be penetrated through its great bulk, and 
this prodigious denſity, by the ſmalleſt, as well as the greateſt Fire. For if, 
in a very cold ſeaſon, this great Sphere is expoſed a conſiderable time to the 
cold Air; it will acquire the very ſame temperature, that is, it will receive 
the Fire that is at that time in the Air: But if it is then committed to a ſtrong 
Fire, ſo that it may be perfectly red hot, and juſt ready to melt, it will then 
have a molt intenſe Fire in every part of it; and yet if it is then in this condition 
removed into the Air, all this Fire will ſoon quit it again, and it will return 
to the common warmth of the Atmoſphere. Hence, therefore, it evidently 
appears, that the ſmall portion of Fire contained in liquid Air, can as eaſily 


inſinuate itſelf into all the pores of Gold, as the moſt intenſe Fire of a Fur- 


nace, But if in ſuch an exceeding fine leaf of Gold, now, the meatus's were 
ſo very ſmall z what muſt we think of them in this caſe, when ſuch a large 
Body of Gold is penetrated by Fire through all its Subſtance? Certainly, grow- 
ing hot and cold, 1s nothing elſe but admitting Fire in a greater or leſs quan- 
tity. Theſe arguments, then, ſufficiently demonſtrate the very great Subtlety 
of Fire. This, however, would appear yet infinitely greater, if this opinion 
was true, that the Matter of Light and Colours is the very ſame with _ 
Ire, 
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Fire. For if a chamber is perfectly darkened all but one very ſmall hole, 
and an eye that has been ſome time in the dark, is placed directly againſt it, 
it will then ſee all the external objects very exactly, by means of certain diſt inc 
igneous Rays, ariſing, and propagated from every viſible point of ſo many 
different Bodies, and tranſmitted through this very ſmall aperture, without an 

confuſion. If we conſider, now, what an infinite number of viſible points are 
ſeen in ſuch a Hemiſphere; and that every one of theſe appears only by its 
own particular Rays; the idea that ariſes hence of the ſubtlety of theſe par- 
ticles confounds the human underſtanding. But again, if you place a Sheet 
of white Paper in this dark room, at a proper diſtance from the Hole, and 
by means of a convex Glaſs, throw the Rays upon it, then all the objects 


will appear upon this paper, of a pretty large ſize, and very dictinctly; and 


conſequently all theſe Rays, and therefore, upon our preſent ſuppoſition, all this 
Fire which from ſo many objects muſt be infinitely great, may be contracted 
together within the ſmall ſpace of this aperture. From theſe confiderations, 
therefore, it evidently appears, that the Elements of Fire, with reſpeCt to our 
comprehenſion, are infinitely ſubtil. „ 

In the third place, theſe. very ſmall Corpuſcles, the ultimate Elements of 
Fire, appear to be of ſuch a nature, as to be the moſt folid, perhaps, of all Bo- 
dies. The fignification of the term I make uſe of is eaſily underſtood : For 


by a Solid, I mean only that extended Being, which makes an infinite reſiſtance z 


by Space, that Extenſion which admits and tranſmits Solids. An abſolute 
Solid, therefore, is ſuch. an extended Being, where there is not the leaſt ſuch 


penetrable Space, but which through its whole Extenſion, and in every point 


of it, is perfectly impenetrable. If any Body, now, is compoſed of particles 
thus perfectly ſolid, but at the ſame time ſo united together, that there are left 
little ſpaces between them that contain nothing ſolid ; then it appears evidently, 
that ſuch an extended Bulk is partly Body, and partly Space. And it is hence 
evident, likewiſe, that the ſmalleſt Elements of all Bodies will be moſt ſolid 
and that when theſe are afterwards compounded into one Maſs, then, betwixt 


_ theſe Elements thus united together, but not touching one another in every 


point, there will be formed ſuch Spaces within that Body. The compound 
Maſs, therefore, will be always full of pores, and conſequently lets ſolid than 
the ultimate Elements of which it conſiſts z and hence, in this reſpect, the 
parts may be more eaſily ſeparated from one another, or are capable of a 
more eaſy diviſion. But again, in theſe ultimate Elements, it is probable, 
that there are not any pores, and that hence they are perfectly ſolid, and con- 
ſequently not to be divided by any other Bodies, but remain immutably the 
ſame. As Fire, therefore, has been demonſtrated to conſiſt of prodigious 
fine Corpuſcles, if theſe have any pores, they muſt certainly be exceeding 
few, and conſequently theſe Moleculz will be vaſtly ſolid. But fince impene- 
trable Subſtance is real corporeal ſubſtance itſelf, it is poſſible, that all 
true corporeal Subſtance, as ſuch, may cohere with an infinite force not to be 


_ diſſolved ; but that the Maſſes that are made up of this Subſtance, with in- 


tercepted Vacuities, may be fo far diviſible as they contain theſe Pores within 
them. Fire, therefore, according to this doctrine, will be totally corporeal, 


immutable, incapable of having its figure changed, nor liable to apy. concre- 


tion with itſelf, or other Bodies, In the mean time, however, it will poſſeſs a 
| power 


* 
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power of vaſtly dividing ethers; ſince it can always enter the Pores of the 
Bodies to be divided, exert its force there, ſeparate the concreted Filaments 
and Particles, and thus reſolve the Compounds into their ſimple Elements, or 
at leaſt diſpoſe the elementary Molecule in ſuch a manner, that it may paſs 
equably through the Meatus's in every direction; as we ſuppoſe may be the 
caſe in Gold, when it is put in fuſion, which afterwards ſuffers very little al- 
teration from the Fire. But if this vaſtly ſubtil and ſolid Fire, now, is ap- 
plied to the perfectly ſolid Elements of other Bodies, it then ſeems probable, 
that it can induce no change in them, but only put them in motion by a 
mechanical propulſion, or by attraction ; which again is confirmed by every 
kind of Experiment. Fire, therefore, in reſpect of this property, effects the 
moſt powerful changes in the Univerſe, whilſt of all Bodies it remains itſelf 
the moſt immutable. e | 

In the fhurth place, we conceive, that theſe corporeal, exceeding ſmalk and And the 
folid elements of Fire, have the moſt equably ſmooth, or poliſhed Surface. ſmootheft, 

By this we mean ſuch a one, that has nothing in any one point of its circumfe- 
rence, which ſtands out, or is depreſs'd more than any other part. For if the 
Surface was rough, or unequal, then thoſe points which were higheſt, would 
ſtrike with a greater force againft the Bodies they met with than any other part 
of the Maſs; and conſequently, in every action of Fire, either upon its own 
Elements, or other Bodies, thoſe Particles would receive the greateſt impetus 
which had the weakeſt coheſion with the whole Corpuſcle z whence, it ſeems 
probable, that theſe Particles would be continually abraded from the reſt of 
the Maſs, and of courſe the Elements of Fire, and therefore Fire itſelf, would 
undergo perpetual Alterations 3. which is contrary to what has been already 

delivered: Beſides, the vaſt ſolidity of Fire ſeems moſt conſiſtent with that 
Figure, in which all the Particles are diſpoſed in their ſeveral Orbs moſt equably 
with reſpect to their common center; fince by this means they acquire the 
moſt immutable form, and moſt powerfully reſiſt every tranſpoſition of their 
Parts. But farther, if we conſider with what eaſe Fire penetrates into the Pores 
of every kind of Body, let it be applied in what direction you will, then cer- 
tainly, we ſhall ſee that the moſt ſmooth Surface is requiſite that it may paſs 
on without any impediment 3 which it does not at all ſeem likely would be the 

_ caſe, were it covered with little Hooks, Points, or any thing reſemblin 
Down or Wool. For ſince ſuch a vaſt number of little Fires may be I 
mitted perfectly diſt inct through a very ſmall hole into a dark Chamber, and 
that without the leaſt difficulty; it is eaſy to conceive how vaſtly ſmooth the 
Surfaces of theſe Elements mult be in the points of contact, not to intangle, 
and obſtruct one another: And laſtly, the exceeding quick reflection, and re- 

fraction, which are conſtantly obſerved in the Particles of Light, and which 
anſwer ſo exactly to the effects of a perfectly ſpherical Figure, induce us to be- 
lieve, that the Elements of pure Fire do in reality poſſeſs this figure. Hence 
therefore, we may almoſt venture to infer, that the ultimate Particles of pure 
Fire are exceeding ſmooth poliſhed little Spheres. | 

In the fifth place, from our whole Hiſtory of Fire, we infer its exceeding aud mot. 
great ſimplicity. By this we mean that condition of Bodies, where every ſin- ** 
le Particle is perfectly of the ſame nature with the whole: This, therefore, 
in Fire, would denote it to be of ſuch a Nature, that every ſingle Element of 
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it, ſhould be a perfect corporeal Maſs, without the leaſt intercepted Pore, ſo that 
every component Particle ſhould be abſolutely alike; and hence, perhaps, be a lit- 
tle ſolid Sphere. And then if we conſider a congeries of theſe Elements together, all 
theſe Spherules would be perfectly the ſame. In theſe, therefore, would conſiſt the 
ſimplicity of Fire, depending particularly upon this circumſtance, that as there are 
no Corpuſcles in nature ſmaller than theſe of Fire, it is impoſſible it ſhould 
be compounded of leſs, heterogeneous Particles. And certainly, the ultimate 
ſmalloeks, abſolute ſolidity, and ſpherical figure of the Elements of Fire, very 
evidently denote this ſimplicity. Fire, therefore, we conceive to be the ſimpleſt o 
all Bodies. It muſt be acknowledged, however, that an abſolute ſimplicity of 

Fire is repugnant to the doctrine of the great Newton, whoſe uncommon ge- 
nius ſeems to have penetrated almoſt beyond the limits of human underſtand- 
ing. For this noble Author, by an artificial ſeparation of one Ray of Fire, 
has divided it into ſeven different ones, not only perfectly diſtinct with regard 
to their Colours, but intirely different in reſpect of their Reflection and Refrac- 
tion; and conſequently, in theſe three properties, of a quite different nature. 
And yet, if we nicely contemplate ſuch a Ray as this, how fine is it, and how 
ſimple? If the nature of Fire, and Light, now, has been examined by ingeni- 
ous Men for ſo many ages, and with ſo much diligence, and the great Newton 
alone of our age has made theſe Diſcoveries ; who will pretend to determine 
the farther Improvements that future ages may be able to make in Natural 
Hiſtory ? Who knows what additions may hereafter be made to the Newtonian 
Doctrine? Certainly,. it is not above half a Century, ſince all the Philoſophers 
imagined a ſingle Ray of Light to be ſo infinitely fine, that they unanimouſly 
aſſerted, that with regard to its thickneſs it was indiviſible : And yet that in- 
comparable Geometrician, by undeniable Experiments and Arguments, has 
evidently demonſtrated, that ſuch a ſingle Ray, is, in reality, a collection of 
ſeven Rays, which are perfectly diſtinct, and which, it appears, may be ap- 
plied to one another through their whole length, and again be ſo ſeparated 
from one another, as to be always capable of a longitudinal diviſion into ſeven 
exceeding ſubtil Filaments, or Rays of ſeven different Colours. If, hereafter, 
now, this Science ſhould be more ſubtly cultivated, and dioptrical Inſtruments 
ſhould be carried to greater perfection, who will pretend to aſſert, that even 
in theſe ſimple Newtonian Rays, ſome penetrating genius may not be able to 
diſcover a ſtill farther compoſition ? Theſe inſtances, in the mean time, are 
ſufficient to raiſe our higheſt admiration, when we conſider the noble faculties 
with which the Alwiſe Creator has endued the human mind, which being 
rightly employ'd, will conduct us to a diſcovery of thoſe laws which were eſta- 
bliſhed for the formation of the Univerſe. And certainly, infinite reverence, 
and eternal thanks, are juſtly due to that gracious Being, who by impreſſing 
his own Image upon us, has made us capable of diſtinguiſhing truth, and diſ- 
| poſed us to be delighted with it, and to uſe the utmoſt of our endeavours to 
attain it, But this, however, is not all the variety that has been obſerved in 
the moſt ſimple Particles of Fire; for even in ſuch a ſingle Ray, the ſame © 
Newton has diſcovered another diverſity in the nature of its oppoſite ſides ; as 
he found by accurately viewing the refraction in Iſland Chryſtal, where he per- 
ceived the Ray to have a Power on one fide, different from what it had on the 
other. And as in one Loadſtone, with reipe& to another, the Pole is either 
attracting, or repelling; ſo likewiſe in one and the ſame Ray, there is a * 
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lar Power with regard to its tranſparent ſubſtance. In Fire, therefore, tho? 
ſo exceeding ſimple, there is diſcovered a three-fold variety. 1. With reſpect 
to its ſeven, different elementary Colours. 2. On account of the very different 
action of the Rays of different Colours, with regard to reflecting, and refract- 
ing Bodies. 3. In regard of the ſame diverſity in the oppoſite ſides of the ſame 
Rays, with reſpect to this Iſland Chryſtal. In this ſo vaſtly ſimple Being, there- 
fare, we ſee there ſtill remains this manifold variety: What diverſity, there- 
fore, have we reaſon to expect in Compounds? In the ſmalleſt Bodies, 
we every where obſerve a reſemblance of the greater. Had this diſcovery, 
which was reſerved for the great Newoz alone, {till lain in obſcurity, I don't 
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doubt but we ſhould all even at this time, have firmly believed, that in a Ray 


of Light there was ſomewhat ultimately ſmall, and infinitely ſimple: But con- 
vinced by his Doctrine, we are now obliged to confeſs, that, tho? Fire is of all 
known Bodies the moſt ſimple, yet even 1n this, there is found to be a various 
multiplicity. | 

The ſixth property of this Fire is its mobility, which is diſcovered to be ſo 
great, that we are almoſt certain, let it be where it will, it is never abſolutely 
at reſt, And here, I don't only mean that motion, which is conſtantly ob- 
| ſerved in all Bodies in general; for in this ſenſe it is certain, that there is not one 
Body in the Univerſe, that ever for one moment enjoys a perfect quiet. The 
Sun, certainly, the Planets, and Comets, and their Atmoſpheres chat gravitate 
with them, are all whirled about with very rapid motions: But theſe are the 
only Bodies that come under our obſervation. Nothing therefore is ever at 
reſt, but the whole Univerſe is thus conſtantly kept in a ſwift rotation, as the 


And always 
in motion. 


Creator of all things has appointed it. But there is yet another motion which 


I aſcribe to Fire, and which is the conſtant effect of its proper ne and this 


is moſt evidently demonſtrated by undeniable obſervations. Let us, for inſtance, 


conſider Water, when it is 33 degrees cold, and it will then bein its coldeſt ſtate, 
that is, it will contain as ſmall a portion of Fire, as in the nature of things 
can poſſibly reſide in pure Water; for if this ſimple Water is affected by a 
greater degree of Cold, it will not continue Water any longer, but will be 
converted into a Subſtance very much reſembling Glaſs, in all the properties of 
hardneſs, brittleneſs, and pellucidity, tho? reducible again to Water by a Heat 
of 33 degrees, whereas Glaſs, to make it run like Water, requires a great 
deal more than fix hundred. Hence, therefore, it appears evident, that Wa- 
ter is Water only by reaſon of the motion of the Fire reſiding in it, and that 


it is not Water from its own nature conſidered ſeparately and alone. The ſame 


is true of Glaſs, Foſſils, Sulphurs, Semi-metals, Metals, and perhaps, of all 
other Bodies; which appear in a conſiſtent form in a ſmaller degree of Heat, 
as we obſerved juſt now in Ice, but are put in fuſion, and converted into a 


kind of Water, if the ſame is increaſed to a certain degree, which will be dif- 


ferent, according to the various natures of the Subſtance under examination. 
Since, therefore, by Fabrenbeit's Thermometers, the natural Heat has been 
obſerved 32 degrees below the freezing point, hence, we ſee evidently, that 
through all this difference of $7 degrees, the Fire was agitated with a motion, 
that grew gradually leſs, and leſs, but was never totally deſtroy'd ; and chere- 
fore, even at that time, when all Animals and Vegetables periſhed through 
the exceſs of the cold, the Fire was not abſolutely at reſt. We may ſafely 


aſſert, therefore, that the Fire was even then in motion, Bur, as it has Wor 
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ed ſince by the ſame Experiment, that this Fire may be artificially diminiſhed 
ſtill 40 degrees more; hence we are now certain, that Fire in the greateſt poſ- 
ſible natural Cold, is agitated 40 degrees more chan it is in this artificial one, 
and that again through every intermediate degree, it is continually 3 
ſome Bodies, which a little after, in a ſmaller degree of Heat, appear of a ſoli 
conſiſtence: Theſe things the Experiments referr'd to abundantly demonſtrate. 
Fire, therefore, is perpetually agitared in the greateſt Cold, and ftill gradu- 
ally more and more in every increaſe of Heat; and hence it is always in mo- 
tion. The famous Romer, from a great number of certain aſtronomical Ob- 
ſervations carried on for the fpace of ten years, very ingeniouſly inferred the 
vaſt ſwiftneſs of the Fire derived from the Sun to the Satellites of Jupiter, and 
thence reflected to our Earth; for from theſe data Mr. Hngens, to whom 
this was communicated by Romer, evidently demonſtrates, that the propaga- 
tion of it is ſo ſwift, that it moves more than 1, 100,000,000 feet, in the ſpace 
of a Second. Sce Hugens, de Lum. p. 8, 9. This velocity, therefore, of Fire, 
or Light propagated from the Sun, which is looked upon to be true elemen- 
me Fire, would be vaſtly | one if we ſuppoſe it to proceed from the Sun, 
and fall upon the Satellites of Fupiter, and to be thence derived to our Earth, 
which ſeems agreeable to the Newtonian Doctrine. And if we ſuppoſe, as 
others will have it, that theſe Spaces are perfectly full, yet ſtill, the action of 
luminous Fire, be it what it will, muſt be communicated with the fame cele- 
rity. Afterwards, however, the great Caſſini, and Maraldus, Men of infinite 
induſtry, and perfect Maſters of Aſtronomy, carefully examined this affair by 
the moſt accurate Obſervations of a great many years, and diſcovered, that 
the opinion of Meſſieurs Romer and Hugens was very far from the truth, 
Mem. de P Ac. Roy. 1707. Hiſt. p. 77. ibid. Mem. p. 25. On this account, 
therefore, we don't pretend to determine any thing farther concerning the ce- 
lerity of Light from theſe very ſubtle. diſputations : This, however, we are 
certain of, that the communication of it will be always ſo much the ſwifter, as 
it is found to be leſs ſucceſſive. | | Re, 

In the ſeventh place, from what has been laid down, we may certainly con- 
clude, that tho' this elementary Fire induces an infinite number of changes 
upon all other Bodies, yet, it never has appeared by any Experiment, that 
any of them have ever been converted by it into true elementary Fire. And 
hence, it is not confirmed by any Obſervation, that Fire is able to multiply 
itſelf, by changing its own Pabulum, or any Bodies into true Fire, by affimi- 
lating them to its own nature, Certainly, the more carefully we conſider all 
the effects of true Fire, the lefs concluſive thoſe Arguments appear, which are 
brought to prove ſuch a power in Fire, or ſuch an aptitude in other Bodies 
to this tranſmutation. Hence, therefore, it will be evidently certain, that if 
Fire itſelf cannot from any other Matter generate Fire, it cannot poſlibly 


Or are gene- be generated by any other Matter For what cauſe can by any action 
rated by any produce Fire from a Body that is not Fire, if this cannot be effect- 
other wean ed by Fire itſelf? In the whole compaſs of Nature, certainly, we diſco- 


ver nothing, that, with regard to ſuch a Power, can any ways be compared 
with it. This ſeems to be the grand univerſal Mover, from which every thi 
elſe receives its motion, all Fluids at leaſt, and perhaps a great number of Solids ; 
which is itſelf never begotten de novo, renewed, or reſuſcitated, but is only 
rendered diſcernible where it did not appear before, 
i Since, 
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Since, therefore, we are undoubtedly ſure of theſe things, we may now free- Nor . 
ly aſſert, that this elementary Fire is always, and every where the ſame in eve- h“ 
ry Body that is heated by Fire, whatever way it is excited, whatever Pabulum 
it is fed with, or by what contrivance ſoever it is ſupported. Unjuſtly therefore 
do the Chemiſts complain, that in their moſt ſubtle Operations, they cannot 
have the advantage of pure Fire; for in theſe, they imagine the moſt pure, 
aſtral, celeſtial, ſolar, elementary, incorruptible Fire, to be intirely neceſſary. 
But had they rightly conſidered what has been already laid down, they would 
never have embarraſſed themſelves with this needleſs ſolicitude : For the Heat 
that is generated in the Bodies of Animals, Vegetables, and Foſſils, owes its 
Being intirely to the very ſame Fire; and when it paſſes through a glaſs 
Veſſel into its cavity, is as pure, as if the Veſſel had been expoſed to the moſt 
lucid Rays of the brigheſt Sun. The Heat of burning Alcohol too, and foſ- 
ſil Coals, when it acts upon any Matter included in a clean glaſs Veſſel hermeti- 
cally ſealed, if it is reduced to the ſame degree with that of the Sun, and is 
applied in the ſame manner, will appear perfectly the ſame by every effect. 
Nay, I add farther, that the Fire which is generated by the fetid putrefaction 
of the moſt putrid Bodies, when it has paſs'd through denſe Glaſs, is as pure, 
_ ſimple, and fincere, as if it had been propagated thither by the cleareſt Sun. 
The Heat, therefore, generated by putrefaction, fermentation, and the putrify- 
ing Dung of Animals, is the very ſame as that from pure Fire. And hence, 
1 fee no difference betwixt the Heat of Horſe Dung for chemical Operations, 
and any other whatſoever, that is of the ſame degree, and is applied in the 
ſame manner. In Nature, therefore, we meet but with one fort of Fire; for 
both the elementary, and artificial, are always the ſame. 
What I have here ſaid, however, muſt not be underſtood of common Fires; The Fireof 
for in theſe all ſorts of Bodies float about with the pure Fire, and being mixed pn the 
with it, according to their different Natures, and the alteration induced upon fame, but 
them by the Fire, affect the Bodies expoſed openly to them in a very diffe- het Bolte, 
rent manner from what they would have been affected, had they been acted 
upon by a ſolar catoptrical, or dioptrical Focus: Nay, and very differently too, 
with reſpect to their own proper Nature. But then, in this cafe, this various 
action of Fire does not depend upon Fire, as Fire, but upon Fire, and the 
other Corpuſcles, that at the ſame time are agitated with it, which certainly 
makes a vaſt deal of difference, falſly aſcribed to a diverſity in Fire itſelf, 
which in reality appears to be always the ſame. The effect, however, of this 
Fire upon other Bodies, is very different, whilſt it is ſupported in the manner 
above explained, by various ſorts of Fuel; for by this means it acts with 
more or leſs violence, and even mixes with them the Particles of its Pabulum, 
which is agitated, vibrated, and often united with it. 35 
In this reſpect, therefore, the Fire that is excited and ſupported by burning with Aleo- 
Alcohol, is the pureſt of all, and leaſt of all affects the Bodies expoſed to bol. 
it with any impurities from the combuſtible Particles. 3 
The next pure to this, is that which is fed with Oil often diſtilled, eſpeci- with the 
ally from a fixed alcaline Salt, and hence rendered exceeding fine, ſimple, ſub- Pure Oil. 
til, and limpid, like Alcohol. Under this head come the native Napiba and 
Petroleum, which are endued with the ſame property. 
Next to this follows the Fire of well prepared Charcoal. Then that of 
H h 2 pure 


\ 
4 


236 
With Char- 
coal, Wood, 
Turfa, 


With Coal 
made from 
Turf, 


Elements of CHEMIST RV, Part II. 

pure Wood; which is ſucceeded in purity by that from Bituminous Turfs. 
And theſe are of two ſorts, the one found in Heaths, where the upper Surface 
being pared off, affords a pure Fuel; the other which is made from a wet, 
black, fat Mud, which being dug out of proper Pits, and then dried in the 
Sun, is divided into Parallelipipeds: Theſe yield a noble, wholeſome, ſteady 
Fire, which the illuſtrious Boyle was formerly ſo mightily pleaſed with. 

When this Turf is burnt *cill it is perfectly red hot quite through, and no Jon- 
ger emits any viſible Smoke, if you then extinguiſh it, it affords a Coal, | 
which when it is dry, takes fire with a vaſt deal of eaſe, and is exceeding fit 


for a great many purpoſes ; for it produces no Smoke or diſagreeable Smell, 


With Foſſil- 
Coal, 


And Dung. 


continues to burn a long while of itſelf when once it is kindled, and yields the 
moſt equable Fire of any thing we know of. Þ | 
To theſe more compound Fuels belong likewiſe the Foſſil Coals, which con- 
ſift of an Oil like the Foſſil Oil of Napiha or Petroleum, and another Matter 
that will vitrify. | CLE BL 2101 | 
And laſtly, the dry'd Dung of ſome forts of Animals. The vaſt variety 
therefore that is obſerved to happen ſo often from the action of Fire in its phy- 
ſical effects, muſt be aſcribed intirely to the different nature of the Pabulum 
it is fed with: This may be confirmed by abundance of Examples, but one 
or two will make it ſufficiently evident. Wood, for inſtance, or Turf, when 
they burn in the open Air, emit a Smoke that is not very pernicious, only ma- 
king the Eyes ſmart, and affecting the Lungs in ſuch a manner as to provoke a 
Cough ; and yet, if you convert either of theſe into Coal in the manner above- 
mentioned, and then dry it thoroughly, and fer it on fire and let it burn till 
it is perfectly red hot, there will ariſe from theſe Coals a very fine inviſible 
Fume, which in a cloſe place is very quickly fatal to all ſorts of Animals. 
And in this affair there is ſomething very remarkable ; for it appears by Ex- 
periment, that if you take an Animal, and put it under a large Glaſs, and 
draw ſome of the Air out, but not ſo much but that the Animal might live 
in it for ſome time ; then, if by the help of a Pipe you convey the external 
Air into the Glaſs, in ſuch a manner as to make it paſs through ſmoaking 
Coals, it will not deſtroy the Animal; and yet if the ſame paſſes through Coals 
that are perfectly red quite through, it will be inſtantly ſuffocated. And very 
often too, there is ſome very extraordinary power communicated to Fire by 
the Air, as we ſee evidently in an Experiment related by that famous Writer 
of America, d Coſta. For he tells us, that the native Silver that is dug out of 


the richeſt Mines of Peru, cannot, ſo long as it adheres to its Ore, be melted 


by the ſtrongeſt Fire that can be raiſed by the largeſt Bellows ; and yet if this 
Fire is blown up by an artificial Wind procured by the fall of cold Water, 
and convey'd, and forcibly directed upon it by proper Inſtruments, the fuſion 


of the Silver is ſoon obtain'd without any difficulty: Theſe, therefore, and 


many other inſtances, ſufficiently point out to us, how very circumſpect we 
ought to be, if we would rightly underſtand the action of Fire upon other 
Bodies, ſince the minuteſt circumſtances very often make a great deal of dif- 
ference with regard to the event. There are a few things in our Hiſtory of 
Fire ſtill remaining to be conſidered, which will hereafter be of very great 
ſervice in our chemical inquiries. 


In 
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In the firſt place then, don't let us be led away by that vulgar opinion, that Ls 
Fire is a univerſal ſolvent of all Bodies: That it diſſolves a great many, indeed, Sohent, 
we readily allow; but at the ſame time we muſt deny, that it has this effect up- 

on all. Nay, upon the very ſame object, in different degrees of it, we ſee it acts 

in a quite different manner. If you put ſome Mercury, for inſtance, into a 
Bolthead, and apply a gentle Fire to it at firſt, and afterwards gradually increaſe 

it, it will, in length of time, be converted into a various-colour'd Powder, 
ſomething of a fixed nature, and ſcarcely miſcible with any Liquor; and yet, 

if you apply as ſtrong a Fire to it at firſt, as you did at laſt, it will all imme- 
diately evaporate. And farther, if the Mercury thus fixed by a gentle, and 
gradually increaſed Heat, is at once expoſed to a ſtrong Fire, it will again be- 
come totally volatile; ſo that we ſee plainly, what the Fire effects in one degree, 

it deſtroys in another. . 

In the ſecond place, Fire is not ſo pure a diſſolvent, as to extract from Bodies Nor givides 
only thoſe parts that exiſted in them before; for at the very ſame time that eee 
it ſeparates ſome parts, it mixes others together. Nothing can be more evident conſtituent 
than this in many inſtances. Antimony, if it is expoſed to a ſtrong dioptri- P, 
cal, or catoptrical Focus, emits a vaſt quantity of Fumes, and yet, at the 
ſame time, has ſo large a number of other Corpuſcles united and fixed with 
its Calr, that it conſiderably increaſes in its bulk. If Lead, by the ſame me- 
thod, is converted into Minium, there rifes likewiſe from this abundance of 
noxious Vapours, and yet the Calx acquires a conſiderable addition to its 
weight. In Corals too, calcined by a ſtrong and long continued Fire, their 
weight is in the ſame manner augmented. And laſtly, if Mercury, that is by 
a particular Art purified by the help of Metals, is digeſted for a long time 
in a glaſs Bolthead, ic will be converted into a fixed Powder, and a very ſmall 
portion of good Metal, with an increaſe of its original weight. | 
Thirdly, from ſome ſorts of Bodies it produces nothing new, but leaves them Nor effice- 
without any conſiderable alteration. Gold, for inſtance, Silver, Ofteocolla, Glaſs, cell“ 
the Selenitis, Talc, and Virgin Sand, are not ſeparated, either into their Elements, Bde., 
or other Subſtances, by the ſimple application of Fire. Conſult Yau Helmont in 
various places, and Boyle in his Sceptical Chemiſt, ſrom D. Ie. 10.33, | 
In the fourth place, there are every where to be met with, great numbers of Thc they 
Bodies, from which it is impoſſible, by the help of Fire alone, apply it in what e erb 
manner you will, to ſeparate different Subſtances, though we certainly know, 8 
that Bodies of quite different natures enter into their compoſition; nay, and can 
readily, by the aſſiſtance of other Inſtruments, reſolve them into their conſtituent 
Parts. A great many ſuch Bodies we find taken notice of among the. learned ; 
our preſent Subject leads us to mention a few of them. Gold, Silver, and Cop- 

per being melted together, and thus intermixed with one another, produce a 
Maſs, from which the power of Fire will not eaſily ſeparate again theſe three 
ſimple Metals. If, with twenty times the quantity of good Lead, you manage 
this Mixture according to Art, in an Aſſay ing Furnace, you will ſoon very ac- 
curately ſeparate the Copper, and there will remain a pure Maſs of Gold and 
Silver. Apply, now, to this whatſoever Fire you pleaſe, the Silver will con- 
ſtantly remain united with the Gold; nay, and in ſuch a manner, that the very 
leaſt Particle of this Mixture will always contain the ſame Proportion of Gold 
and Silver, as was in the whole piece, But if you then throw this Mals into 
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pure Splrit of Nitre, the Spirit will intirely diffolve {every Particle of the Silver 


without the leaſt remainder, and the Gold will lie at the bottom of the Veſſel, in 


form of a black Powder. The Silver, then, which is thus ſeparated from the 
Gold, and reſides in the Spirit of Nitre, you will not be able to ſeparate again 
totally from the Spirit, without a good deal of difficulty; for if you call in 
Fire to your affiſtance, the Maſs will, by the application of this, at laſt grow 


dry, and become the Lapis infernalis, in which the Acid of the Nitre very tena- 


It 
an 


ciouſly adheres to the Silver, and runs with it in the Fire without any Fumes, 
in the ſame manner as if it was one ſimple melted Metal; but now, if into this 
Solution of Silver by the Spirit of Nitre, you immerge ſome thin Plates of 
Copper, then the whole Subſtance of the Silver, without any remainder, will be 
diſengaged from the Spirit of Nitre, and every thing elſe, and lightly adhere to the 
copper, from which being ſhook off to the bottom of the Veſſel, and then waſh- 


ed with Water, you will obtain your Silver again, in the greateſt purity : So that 


here we ſee, likewiſe, what the Power of Fire was not able to effect, is brought 
about by ſome other means. It's needleſs to make mention of the Sulphurs that 
are mixed among the metailine Glebes, which adhere to them in ſuch a manner, 
that they either keep melted with them in the Fire, or elfe carry em off with 
them into the Air. How unſucceſsful, and with what diſadvantage, have the 
Merallurgiſts endeavoured, by the help of Fire, to diſſipate the volatile Sulphur, 
that the Metal might remain pure at the bottom of the Cupel? And yer if 
with theſe you mix ſome fixed alcalious Salt, or Iron, which in the Fire greedily 
unites with Sulphur, or any abſorbent Powders made of theſe or the like materi- 
als, as foon as ever the Sulphur has abſorbed theſe additional Subſtances, and united 
them with itſelf, it produces ſome ſulphureous Scoriæ, and gives you the pure 
metalline Glebe at the bottom. Examine Antimony, and whenever it is pure, 
A to be homogereous. Manage it by Fire, in what manner you pleaſe, 
it will either be intirely carried up in Fumes, or, if the Fire is gentle, will 
totally remain in it. But if you mix with it, now, Tartar and Nitre, or Iron 
and Nitre, and then ſet it on fire, the external, ſulphureous Part will be imme- 
diately ſeparated, and the metalline Maſs will be left behind, intire, ponderous, 


and homogeneous. If you put the ſame Antimony into Aqua Regia, the Sulphur 


will be caſt out unaffected by the Acid, whilft the Agua Regia ſiezes upon the 
metalline part, and unites it with itſelf. Sal-Ammoniac, which 1s truly a com- 
pound Subſtance, in a greater degree of Heat, riſes totally, and without ſe- 
paration ; in a leſs too, continues undivided ; and yet, by an addition of a fixed 
alcaline Salt, it is very readily reſolved into a fixed Sea Salt, and a volatile animal 
one, Mercurius Sublimatus Corroſivus, if it is fora long time expoſed to the Fire, 


continues compounded of the acid Spirit of Salt, and Mercury; but is freed from 


its Acid by mixing with it Iron or Acalis. Chemiſtry every where furniſhes us 
with numberleſs Inftances of the ſame kind, . 

In the fifth place, it deſerves our notice, that thoſe parts, which are ſepa- 
rated by Fire from compound Bodies, how carefully ſoe ver you apply it, are not 
in reality ſimple Subſtances, but are variouſly intermixed with one another. If 
you examine, for inſtance, the ſimple Waters, that are drawn by Fite, does not 
the odour at firſt drawing, and the Turbidneſs, putrid Smell, and ſlimyneſs they na- 
turally acquire in keeping, make it evident, how much they are ſtill compound- 
ed, ſince none of theſe things are ever obſerved in pure Water? Conſider the 
0 „ - * 
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Spirits, and you will find that they conſiſt of a Water and Salt, fo intimately 
united together, that it is not poſſible to ſeparate them by any Art, except by the 
Joint aſſiſtance of fixed Salts and Fire, But what ſhall we ſay of the Oils? The 
common Chemiſts look upon theſe, as moſt ſimple, pure, ſulphureous Elements; 
but the top maſters in the Art make it evident, that theſe too are remarkably 
compounded of various Subſtances. For in theſe there is that inflammable 
Element, of which we have fo particularly treated above, a great deal of Wa- 
ter, and ſome quantity both of Salt and Earth, intimately united together. 
And laſtly, as for the Earth that is extracted by Fire from compounded Bodies, 
what a vaſt deal of trouble is required before it can be obtained perfectly pure? 
Certainly it is always tenacious of ſome fixed Salts, even till it begins to be 
converted into Glaſs. i} 4 

In the ſixth place, it appears by abundance of Experiments, that the com- Nay, and it 
poſition of Bodies is as much affected by the action of Fire as their ſeparation ; 28 
for it unites the moſt different Bodies ſo intimately together, that the new 
formed Subſtance appears perfectly ſimple, and is not liable to any alteration 
from its power afterwards. For Sand, we know, by being calcined, melted, 
and intimately mixed with a fixed Alcali, by the force of an intenſe Fire, pro- 


duces Glaſs, which is then ſo ſimple in the whole, and every part, that we ſcarce 


know any thing more ſo, or harder to be diſſolved, ſince it can be ſeparated in- 
to its imple parts by no other means, than by melting it with a great quantity of 
fixed Salt, that it may become of a ſaline nature, and then pouring an Acid 
upon it, by which means an exceeding ſubtil powder of Sand will be precipitated 
from it. The various kinds of Soap demonſtrate the ſame thing. The diſtilla- 
tions of Ag. Regia evidently confirm it likewiſe ; as well as the artificial mix- 
ing of Metals. But what need is there of more inſtances? Does not univerſal 
nature make uſe of Fire, as its principal inſtrument in the production of its 
compound Bodies? What Compound is generated, either in the animal, vege. 
table, or foſſil Kingdom, that does not owe its origin to a ioft, digeſting, 
difpoling, compounding Fire? Certainly, the gentle and ſteady action of that 
grand mover, Fire, ſeems to be the principal cauſe that every where brings 
about the moſt ſtrict and intimate union; nay, even ſo much, that it may be 
doubted, whether Fire is moſt efficacious in the compoſition of Bodies, or in their 
diffolution. Without diſpute, it hath a vaſt effect in both. | 
In the ſeventh place, it ought particularly to be taken notice of, that the ve- , , gin 
ry ſame Fire, if it is applied in different degrees, will in one, compound thoſe Shares the 
Bodies, which it will again reſolve in another. This the Chemiſts have frequent- pounds. 
ly learned to their coft, for when they have ſpent years in fixing Mercury by a 
gentle Heat, ſucceſſively increaſed through various degrees, and by this means 
have obtained a red powder, which remained a good while fixed in the Fire, 
they have found that at laſt, when the Fire was rendered intenſe by the 
aſſiſtance of Bellows, it has been diſſipated into the Air; and thus being dilap- 
pointed of their expectations, have experienced, that Fire ſeparates in one de- 
gree, what it before united in another. | 
But eighthly, the very ſame degree of Fire applied to the ſame Bodies in dif- Agsvariouf- 
ferent circumſtances, produces effects that are ſurprizingly different, and that I, with r:- 
ri according to the various admiſſion of the Air in the operation. An. 
The famous Hook took a Coal, and by means of a Cover that ets” 2 
| perfectly 
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perfectly incloſed it in an iron box. In this manner he expoſed it to a very 
ſtrong Fire, for a conſiderable time, and yet when he took it out, the Coal, 
by ſuch a violent action of the Fire, was not burnt up. See his Life in bis Poſthu- 
mous Works, p. 21. Hence this ingenious Philoſopher inferr'd, that the Air is 
a menſtruum, which, being agitated by Fire, will diſſolve all ſulphureous 
Bodies, ſince Fire, without the aſſiſtance of the Air, is not able to effect it. 
The ſame thing Van Helmont, in his Diſtillations, had formerly obſerved in his 
fixed Coal. And Rapin, Receuil des Machines, p. 25, 26. And when, before 
you here, I put ſome Shavings of Guaiacum into a Retort, and urged them with 
a very ſtrong Fire for a long while together, there remained at laſt, as I told 
you, ſome black Fzces, that till retained an Oil, which the utmoſt force of the 
Fire was not able to force out of the Retort. But when this powdered Coal was 
laid in a large Diſh, and examined, by dropping a ſpark of Fire into it, then 
the black Oil was immediately conſumed with an aromatick Smoke, that ſmelled 
like Cedar, and the Shavings were turned into inſipid white Aſhes. Camphire, 
if it is ſet on fire in the Air, will intirely conſume, though it ſwims in 
Water; and yet if you expoſe it to the Fire in a clean glaſs veſſel, with an 
Alembic over it, it will melt and riſe into the Alembic, and there harden 
into the ſame Camphire again without any alteration. And though you repeat 
this a good many times, the event will be ſtill the ſame. May not Sulphur 
be ſublimed a hundred times in a cloſe Veſſel, and ſtill remain the ſame Sul- 
phur? And yet if during the ſublimation, there happens to be a crack 
any where, fo that the Air can have a communication with the melted Sul- 
Phur, it immediately takes fire, and is inſtantly reſolved into a blue Flame 
and an acid Fume. Amber, if you ſet it on fire in the open Air, almoſt 
totally burns away, and ſupports Flame and Fire z but if you urge it in a 
Retort with the ſtrongeſt degree of Fire, but gradually increaſed, you will 
force into the Receiver a Water, Spirit, a volatile acid Salt, an Oil of various 
forts, and with the laſt degree will make the whole ſubſtance of the Amber 
come over the neck of the Retort; as I have frequently myſelf experienced. 
Fire, therefore, when it acts upon inflammable ſubſtances, without Air, or with 
Air that ſtagnates, and is without motion, produces very different effects from 
what it does in other circumſtances ox e ee UP 
And variouſ- Ninthly, and laſtly, the ſame Fire applied to the very ſame Object, but in 
3 different degrees, is very various in its Operation; as appears, likewiſe, by 
Experiments. Take, for inſtance, the freſh White of an Egg, put it into a 
clean Veſſel, to which there is a free admiſſion of the Air, and let it be 
expoſed to 92 degrees of Heat, in Fabrenbeit's Thermometer, and it will in 
a little time be reſolved into a Liquid, that grows continually thinner and 
thinner, becomes ſanious, fetid, and putrid, and at laſt runs juſt like Water, 
nor will be coagulated by the Heat that makes Water boil; and thus it is 
converted into a moſt putrid, volatile Alcali: But now, if the ſame White 
of Egg is expoſed to 200 degrees of Heat, in the ſame Thermometer, it is 
immediately changed into a white, ſolid, ſciſſile, inſipid Maſs, exhales a large 
quantity of inodorous, inſipid Water, and at laſt there remains at the bottom 
an exceeding hard, brittle, pellucid, inſi pid, inodorous Subſtance, that may 
be kept for years without any alteration: And again, the ſame White being 
urged by a Fire of 400 degrees, in a glaſs Retort, yields a Phlegm, Tons 
fetid 
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fetid Oils, an oily, fetid, alcaline, volatile Salt, and an exceeding black Coal 
that is ſurprizingly puffed up by the Fire. But there would be no end, Gentle- 
men, ſhould I go about fully to explain the nature of the power of Fire. Let 
it ſuffice at preſent, that I refreſh your memories with a ſhort abſtra& of this 
Doctrine, as it has been already delivered, viz. that the action of Fire, as 
it may be varied under all the circumſtances above mentioned, is capable, as 
a concurring cauſe, of producing the greateſt part of the phyſical effects that 
fall under our obſervation. It can alter Concretes in their Figures, and Co- 
heſions; but in ſuch a manner, however, that a difference in the Concretes 
produces a variety, with regard to this power ; for Fire is never able to pro- 
duce the ſame thing from different Bodies, but ſome certain things from par- 
ticular ones; and then, beſides, there will be yet a farther difference, accord- 
ing to the various order, degrees, and application. | h 
Our Diſſertation of Fire, Gentlemen, is thus then at length ſo far advanc- of agin- 
ed, that we are now able to treat of that knowledge of Fire, conſidered as — h 
preſent, and operating in a particular place, which an Artiſt ought to be ac- Fir. 
quainted with, in order to know how to direct and keep up ſuch a Fire, in a 
given place, as is proper for the inducing ſuch and ſuch changes in certain 
Bodies. This doctrine was laid down by the ancient Chemiſts, and is at 
' Preſent almoſt brought to its greateſt perfection by means of thoſe beau- 
tiful Thermometers of the ingenious Fahrenheit. It was their opinion, that 
the power of Fire might be conveniently enough reduced to four degrees, and 
that this diſtinction was ſufficient for the exerciſe of their Art: Of this mat- 
ter, however, they gave us but a very obſcure Account: Nor have the mo- 
derns made any conſiderable additions. Let us, therefore, Gentlemen, un- 
dertake this point, and call in Art to our aſſiſtance, but Art that is formed 
upon Nature. | a 
The firſt degree, then, of Chemical Fire, I call that, within the compaſs The firft6e- 
of which Nature brings about the work of Vegetation in Plants, and by which ne fat. 
the Chemical Art imitates the ſame. This begins from the greateſt degree of | 
Cold, viz. Number 1. in Fabrenbeit's Thermometer, and ends at the degree 
80: For through all the degrees contained betwixt theſe limits, Vegetables of 
one kind or other give plain indications of Life and Vigour. Don't you, 
in the moſt piercing cold, ſee the bitter moſſes growing upon the barks of 
Trees, and indeed ſcarcely at any other time? Don't the Fir, the Juniper, the orien- 
tal Larch-tree, the Cedar, the Pine, the Savine, the Yew, and the Arbor vitæ, retain 
their verdure in the ſharpeſt Winter? Not to mention the Sea Moſſes, the Land 
Moſſes, the Black Hellebore, the Hepatica Nobilis, the Snow-drop, the Winter 
Wolf-bane, the Baſtard Hellebore, and others; which in the hardeſt Winters 
put out Leaves, flower, generate, conceive, and bring forth, notwithſtanding 
the check one would imagine they ſhould receive from the intenſeneſs of the 
Cold. In ſhort, if you carefully examine all the Plants that we are at pre- 
ſent acquainted with, by the degrees of Heat contained within the bounds 
here deſcribed, you will find ſome Plant or other that comes to its maturity 
in almoſt every one of theſe intermediate degrees. 
Hence it appears very probable, that the Chemiſt, by a well managed de- The ue, 
gree of Heat, may in his artificial Stoves imitate that power of Fire, which Na- malate 
: ture makes uſe of in the generating of 11 8 ſo as by gentle degrees 
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proceed to cheriſh the Plants, and not to deſtroy them, If you deſire to ex- 
cite ſuch a Heat as this, upon a proper furnace place a veſſel full of Water, 
in which diſpoſe a Thermometer, and then you may, by increaſing or leſſen- 
ing the Fire, eaſily reduce the Water to that temperature which 1s for your 
purpoſe. When the Water is thus found to be ſufficiently warm, put. the Body 
ou would make the Experiment upon in a glaſs Veſſel, and ſet it in the Wa- 
ter, which by this means will communicate to it a proper degree of Heat. ls it 
not very probable now, Gentlemen, that this degree of Heat is the beſt ſuited 
to impregnate Oils with the choice Spirit of ſome Vegetables, without diſſi pat- 
ing the moſt precious Part? If one wanted, for inſtance, to impregnate an 
Oil with the moſt fragrant Spirit of Roſes, what method is more likely to ſuc- 
ceed, than the taking ſome Roſes, gathered in the morning, and digeſting them 
with ſome pure, inodorous, and almoſt inſipid Oil of Olives, in a tall Bolthead, 
in 36 degrees of Heat? Such a Heat certainly will ſo unite and intangle the Spi- 
rit of the Roſes in the viſcidity of the Oil, that it will not be eaſily diſengaged 
again, but will produce a moſt fragrant Balſam. And if you would inrich the 
moſt liquid Alcohol with the choiceft Spirit of Saffron, make uſe of the very 
ſame degree; for with a leſs you will ſcarcely extract it from the Subſtance of 
the Saffron; with a greater, you will diſſipate thoſe particles which are moſt vo- 
latile. There are but few who have a right notion of this Affair; thoſe, how- 
ever, who are beſt acquainted with theſe things, know it to be true, By this 
caution in the management of the Fire, it is certain, there are incomparable 
Medicines prepared, which become good for nothing, if you increaſe it beyond 
its proper bounds, 5 i | 
The ſecond The ſecond degree of Fire may, I think, be moſt conveniently meaſured by 
der. the Heat that is at ſome time or other obſerved in healthy Bodies. This, in its 
| loweſt State, is ſuppoſed to begin at the 40th degree, in Fahrenheit's Thermome- 
ter, and in its greateſt height, to riſe to about 94. Within this compaſs Ani- 
mals ſeem to be capable of ſubſiſting, if their humours have any degree of Heat 
in them, that is contained between theſe Limits. There are ſome kinds of In- 
ſets that live with a very ſmall degree of Heat in their vital Juices, and nothing 
ſeems to me more ſurprizing, than that the Embryo's in the Eggs of Caterpillars 
(which they lodge, when they are impregnated, in a viſcid matter circularly diſpoſed 
round ſmall twigs) ſhould remain ſecure in their little Neſts, during all the ſe- \ 
vere Winter of the Year 1709, and the very ſharp one of the preſent 1729: 
For notwithſtanding every body would be ready to imagine, that they muſt 
have periſhed through the extremity of the Froſt, yet by the kindly influence of 
the warmth of the approaching Spring, we ſaw the Worms able to diſengage 
themſelves from their Eggs, and thus make it appear, that they had ſtood out 
againſt the great ſeverity of the weather, Fiſhes too, belonging both to Seas 
and Rivers, that have Gills inſtead of Lungs, live and keep moving continu- 
ally in Water that is 34 degrees warm; and if the Heat of it is increaſed 
from hence as far as 60 degrees, and better, they are ſtill in ſome meaſure able 
to bear it. But Fiſhes that are furniſhed with Lungs, like other reſpiring 
Animals, in the time of health, communicate to their humours a warmth of 
The uſe of 92 degrees, a little more or lefs; and hence they will ſubſiſt in any degree, 
this. betwixt 33 and 94. Within the compaſs of this Heat are included the vital 
actions of Animals, the fermentation of Vegetables, and the putrefaction both 
of 
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of Vegetables and Animals; as likewiſe the generation, breeding, hatching, birth, 
and nutrition of Animals. This degree of Heat the moſt experienced Chemiſts 
make uſe of to prepare their Elixirs, volatile alcaline Salts, both ſimple and 
oily, and their Tinctures; and employ the ſame in concocting their Mercu- 
ry to the firſt preparation of the Philoſopher's Stone. | 

The third degree of Heat begins at the degree 94, and reaches as far as 212, The third 
in which Water generally begins to boil. Through this whole intermediate ſpace, *** 
the Water and native Spirits are ſeparated from all kinds of Animals and Ve- 
getables; and the Refiduum grows dry, becomes durable, and almoſt immuta- 

ble. The effential Oils of Plants in this Heat become volatile. The Salts and 
Oils, in the freſh Juices of Animals, are ſcarcely raiſed, but the Juices are 
dried into a thick, hard, brittle, inſipid, inodorous Subſtance, which will keep 
for years without any conſiderable alteration. And hence it appears, with how 
little reaſon ſome perſons imagine, that volatile, alcaline, oily Salts, are gene- 
rated and retained in a healthy Body. This degree of Heat ſerves for the di- 
ſtillation of the diſtilled Oils, and medicinal Waters of Vegetables. The ſan- The efficacy 
guineous ſerous Juices of Animals coagulate in boiling Water into a Maſs that des. 
will bear to be cut aſunder; whilſt all their Solids are deſtroyed by it, and re- 
duced to a thick, tenacious Liquid. And hence it is abſolutely deſtructive to 
all Animals. 2 | 

The fourth degree may be reckoned from the degree 212 to 600; within The fourth 
which limits, all Oils, Saline Lixivia, Mercury, and Oil of Vitriol, recede see. 
from the Fire, are carried upwards, and by this means diſtilled. In this too, 

Lead and Tin are put in fuſion, and may be mixed together. The Oils, Salts, 

and ſaponaceous Juices of Animals and Vegetables are rendered volatile and acrid, 
and become more or leſs alcaleſcent : The ſolid parts of them are dried, and if 
they are calcined, are changed into a very black Coal, are all abſolutely deſtroy- 
ed, quite altered in their qualities, and loſe intirely their proper Virtues. With- 
in this Heat too a re ſublimed Foſſil Sulphur, and Sal- Ammoniac. | 

The fifth degree of Fire may contain that latitude, in which the reſt of the Theifth de- 

Metals are put in fufion. This will begin at the degree 600, and reach as far 8. 
as that which is capable of melting Iron. This degree, Glaſs, Gold, Silver, 

Copper and Iron, bear a conſiderable time, whilſt it deſtroys every thing elſe, 

\ In this degree all other fixed Bodies grow white with Heat, the fixed Salts of 

Vegetables and Foſſils are put in fuſion, are deprived of almoſt all their Oils, 
acquire a greater and greater alcalious acrimony, and with Sand or Flints 
are converted into Glaſs; Lime-ſtones are calcined 3 all other things either 
vitrify, or become volatile, and are diſſipated into the Air. 

The ſixth and laſt degree comprehends the whole compaſs of the dioptrical The fixth 
and catoptrical Fire above deſcrib'd; which hardly any Body is able to reſiſt: 1 ü 
By this even Gold itſelf ſuffers very ſurprizing alterations. Concerning this S 
Fire, conſult the Obſervations of Mefſ. Homberg, Hartſocter, and Viletie, and 
what we formerly delivered upon this Subject. The principal effect chat this 
Fire commonly has upon almoſt all Bodies, is the turning them to Glaſs. 

The ultimate effect, therefore, of the Fire that we are at preſent acquainted 
with upon fixed Bodies, is their Vitrification. This the moſt ancient Magi of 

: the Eaſt ſeem to have underſtood, when they propheſied, that the whole 


World would at length be deſtroyed by Fire, and that it would then be con- 
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verted into pellucid Glaſs. Thus far, then, at leaſt, our doctine of the de- 
grees of Fire ſtands upon a ſure Foundation ; as for the ultimate power of it, 
the human mind will never be able to fix its limits. | 


In the next place, now, it is of great conſequence for us to be acquainted by 
what means we may know how to raiſe and keep up a Fire to any degree that we 
have occafion for ; on this principally depends all the operations of the whole art 
of Chemiſtry. 

And here it is much more difficult to preſerve a great degree of Cold, 
for a conſiderable time, than it is to keep up a very great Heat; as the me- 
tal and Glaſs Works, where ſuch intenſe Fires are requiſite, moſt evidently 
demonſtrate, The firſt way, then, by which we may keep a Fire mode- 
rate, is by chooſing ſuch kind of Pabulum, afore deſcribed, as is proper to 
produce ſuch a ſtrength of Fire as is fit for our purpoſe. Alcohol of Wine 
yields a weak, and equable Flame, that may be eaſily increaſed or 
diminiſhed by a greater or leſs number of wicks. When you are determin'd, 
therefore, about the degree of Heat, that you deſign to make uſe of, it is a 
very eaſiy matter to light a Lamp with ſo many Wicks as appear by the 
Thermometer to be neceſſary to excite the degree deſired. After Alcohol, 
follow the lighter, porous, ſpongy kinds of Pabulum, as Ruſhes, Straw, dry 
Leaves, Hair, Feathers, Shavings, dried Stalks of Buck-wheat, Chaff, and Bran.. 
Next in order, Oils, Tallow, Wax, Camphire, Pitch, Roſin, Sulphur, and 
other Compounds. Then thick, heavy, hard, ſound Wood, not too dry, and 
the Coals that are made from it. And, laſtly, red hot Metals; and foſſil 
Coals. Eo | | EC | 

Again, various degrees of Fire, even to the greateſt, may be raiſed 
by the quantity of combuſtible matter thrown on; for if a vaſt quantity of 
Fuel is ſet on fire all at once, then the Fire that is produced by it will. be 
always 1 ſtronger, the force of it all being united together. 

But farther, there will be a vaſt deal of difference in the Heat, with reſpect 
to the Object it acts upon, according to the diſtances in which the Body is 
expoſed to the Fire, the Heat always decreaſing, as it is removed farther off. 
A great many famous Philoſophers have been of opinion, that this difference 
might be determined by one ſimple rule, viz. that the forces of corporeal 
qualities always decreaſe in a reciprocal proportion of the ſquares of the 
diſtances from the center that generates theſe qualities z and hence that Fire 
too acting at double diſtance, has only one fourth part of the force. But before 
we can be certain of the truth of this, we muſt firſt be ſure, - that the Fire 
itſelf, when it is contracted into a narrower compaſs, does not acquire ſome 
new power, not depending upon the number of the Elements alone, but up- 
on ſome efficacy which they acquire by being brought nearer to one another. 


And indeed, if we carefully examine this Affair, we ſhall find, that though 


it is true, indeed, that the farther we recede from Fire, the leſs Heat we are 
always ſenſible of; yet the law in which it decreaſes is very different from 


the general one, juſt now mentioned. For Experiments cautiouſly made for 


dle, that beſides the power they have of acting upon other Bodies, the par- 


this purpoſe, plainly evince, that at a ſmall diſtance from the heating point, 
the Heat on a ſudden decreaſes prodigiouſly, but that at a greater, the pro- 
portion of the decreaſe is not ſo remarkable. Hence it appears very. proba- 


ticles, 
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which ariſes from their approaching very near to one another. For ſince thoſe 
famous Philoſophers, Grimaldus and Newton, have obſerved, that the Elements 
of Fire, as they tend towards opake reflecting Bodies acquire new motions, 
as. they come near their Surfaces, why may not the very particles of Fire be 
effected in the ſame manner by one another? But here I refer you to what 
has been already delivered upon this ſubject, 


In the laſt place, the agitation, concuſſion, and compreſſion of Fire, when Fourthly, 


it is excited by its Pabulum, and included within its aereal Arch, muſt enter 2 


ticles of Fire acquire another power, depending upon the relative motion 
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likewiſe into the conſideration : For by theſe the violence of it is very much fn 


increaſed, and indeed, always the more ſo, the ſtronger they are, ſuppoſing the 
Arch not deſtroy*d, as we took notice of before. And here, as we cannot by 
any means procure this agitation and compreſſion of Fire, more conveniently, 
and more efficaciouſly, than by blowing, or driving the Air forcibly upon the 
Body of the Fire; hence Bellows are the Inſtruments in particular by which 
we direct this preſſure of the Air upon the Surface of the Fire, and thus agitate 
the parts of it with a great deal of violence: But of this too we have treated 
already, when we was conſidering the aereal Arch that ſurrounds a burning 
Fire. And there likewiſe we ſaw, that if the Wind of a great many ſtrong Bel» 
lows is directed from oppoſite parts upon the center of the ſame Fire, then 


the Fire will act with ſo much more ſtrength upon the Body that is placed in 


that center, and conſequently the changes it induces upon it will be ſo much 
more conſiderable. And hence the Aſſayers make uſe of this method in par- 


ticular, when they want the greateſt ſtrength of Fire. In ſhort, therefore, if 


the four methods abovementioned are called in to our aſſiſtance, and made to 
conſpire m their efficacy, we ſhall by this means procure the moſt intenſe com- 
mon Fire, | | 

Theſe are the things, Gentlemen, which I thought principally neceſſary to 
lay before you, and to explain to you, in the natural Hiſtory of Fire, particularly, 
as it 1s of uſe in the chemical Art, The diſpoſing them in a proper manner, 
and ſetting them in an advantageous Light, has coſt mea great deal of pains : 
Whether it has anſwered any valuable purpoſe, I leave you to judge. I think, 
however, that this is evidently certain from what has been ſaid, that a che- 
mica] Fire, ſupported by the ſame Pabulum, and apply'd in the ſame man- 
ner, and the ſame degree, will always have exactly the ſame effect upon the 
ſame Bodies, either of adunation, or ſeparation: And again, that unleſs theſe cir- 
cumſtances are firſt accurately determin'd, it is impoſſible to deſcribe the acti- 
on of Fire upon Bodies with any certainty. In giving an account therefore of 
any chemical operations, we muſt have a very careful regard toevery. thing that 
has been any where propoſed in our Treatiſe of Fire : And thus at lengrh the 


Art of Chemiſtry may be reduced to as certain and regular a Science as any 


other. Beſure, therefore, always to take notice of the degree of Fire; the 
ſucceſſion of the degrees; the weight, and heat of the Atmoſphere, and its action 
upon the Fire, either by draught, or artificial, or natural Wind; and then give 
an account of the Object: And a deſcription formed. upon this plan, will never 
lead a perſon, that would work after you, into miſtakes. Give me leave now 
to add a few things that regard the nature of Fire. Firſt, then, Fire, for its 
exiſtence, does not ſtand in need of Air, Nitre, Fuel, Sulphur, or Les 1 
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Body. True Naptha, among Bodies we are acquainted with, is ſet on fire the 
eaſieſt, and that, at a conſiderable diſtance from the Flame; as is likewiſe the 
pureſt Petroleum. Journ. des Sc. 1675. 53. Bodies that are rubb'd over with 


Naptba, and then ſet on fire, continue to burn, tho? they are immerged under 
Water. Journ. des Sc. 1683. 104. Naptha takes fire by the flame of a Candle 


placed within a Lanthorn, and thus prevented from coming into gontact with 


it. Phil. Tranſ. N. 100. p. 188. Some Gunpowder was diſpoſed in a machine 
into which Water could not penetrate, and with it was included a piece of 
Clockwork, which at a certain time, by ſtriking a Flint againſt a Steel, ſhould 
ſet the Powder on fire; it was then let down to the bottom of the Sea, and 
when, at the time expected, the Gunpowder took fire, they heard a very 


great rumbling noiſe, and ſaw a very thick Smoke, but there was not the leaſt 


appearance of any Flame, Sinclair. de arte Gravitationis z which Experiment 
certainly deſerves the moſt careful Obſervation, as ic affords a good many Phe- 
nomena pretty remarkable. Sir Thomas Sibbald, in his Scotia Illuſtrata, gives 
us a very extraordinary account of the Lake Strath-Eritb in Scotland, 
whoſe Water, he tells us, let the Cold be ever ſo ſharp, never freezes before 
the month of February, and yet after that time, in the ſpace of one Night, 
is often covered with a ſtrong Ice; which Phenomenon ſeems to indicate that 
Heat increaſed in one place, produces a greater degree of Cold in another, 
And this again, which indeed was formerly taken notice of, ſeems more evi- 
dently deducible from another ſurprizing Obſervation of a little Rivulet that 
never freezes at all, let the Cold be ever ſo ſevere. Phil. Tranſ. N. 56. 1139. 
The ſame abridg'd, T. II. 335. But this opinion ſeems moſt of all confirm'd 
by the accounts we have from the Abbot Boi/ozte, in the Journ. des Sc. 1686. 


Pp. 336; and Du Hamel. in the Hiſt. de! Ac. Roy. des Sc. p. 257. viz. that at 


about 5 leagues from Bicanſon in France, there is a Cave 300 paces deep, 


which in the ſpace of one day, when the Weather is exceſſive hot, furniſhes ſo 
much Ice, that the Waggons and Mules are ſcarce able to carry it away in 
eight; ſo that it riſes almoſt to the thickneſs of four feet: And on the contrary, 
in the Winter time, it is full of denſe Vapours, and a River runs in the mid- 


dle of it, which is always frozen in the Summer. When any Vapours are ſeen in 


this Cave, they certainly prognoſticate immediate rain. In Green- houſes, like- 


wiſe, and Stoves made to preſerve Plants in the Winter, the greater the Heat 
is in any particular places, the more Cold there is in all the others. And the 
ſame is true of the places ſurrounding the Furnaces uſed for melting of Iron, 
and 1 the works with large Fires, eſpecially, when the Heat within is moſt 
intenſe. | 15 | 

Thus, Gentlemen, I have endeavoured to explain to you the nature of that 
wonderful cauſe, which the great Creator has placed in the Univerſe, with a 
power of exciting thoſe motions in natural Bodies, which are neceſſary for 


bringing about the extraordinary changes that are continually effected. As 
far as I have been able to get any knowledge of it by a laborious inquiry, I 


ſubmit it to your examination. Its abſtruſe and myſterious nature affords us till 
matter for an infinite number of Diſcoveries. Let me excite your diligence there- 
fore, to continue the proſecution of theſe inquiries, and afterwards to communicate 
them to mankind, that thus, by a more perfect knowledge of the Works of the 
Alwiſe Creator, we may better underſtand, and more juſtly reverence that 


2 immenſe 
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immenſe Power and Wiſdom, which infinitely ſurpaſs all human compre- 
henſion. b . 


Arx. 

Order requires, that in the next place we ſhould treat of Air; ſince both air next to 
Nature and Art, by its concurrence and vertue, perform almoſt all their be treated of 
Operations. It is neceſſary, therefore, that we ſhould be thoroughly acquainted 
with its nature and properties, if we would rightly underſtand the manner in 
which phyſical changes are effected. But as Air is more compound than even 
Fire itſelf, and conſequently more difficult to be underſtood, hence the better 
to ſearch outits hidden genius, we muſt here again proceed, as if we were intire- 
ly unacquainted with it, and obſerve the very fame ſteps that we took in 
order to diſcover the nature of Fire. By the name Air then, we would have 
you {underſtand that Fluid, which is hardly to be perceived by our Senſes, 
but that manifeſts itſelf by its reſiſtance to Bodies moved in it, and by its ſtrong. 
motion againſt other Bodies, at which time it is called Wind. By theſe Ob- 
ſervations we know, that the Air reſts every where upon the Surface of our 
Earth. All Men live in it, we enjoy it, and are perpetually nouriſhed by it. 

The manner of our exiſtence, and inevitable neceſſity conſtrain us, to breath 
in this Air, be it what it will; inſomuch, that all the aids of Art are vain, 
and all that Nature can do for us, is fruitleſs, if we are deprived of it. | 

If we will but examine into the manner, in which Nature operates according A fecond 
to the Laws which the great Creator has appointed, we ſhall plainly perceive, Miverl la- 
that this very Air is that grand, efficacious, and neceſſary Inſtrument, which * 
univerſal Nature principally makes uſe of, in almoſt all the Operations ſhe is 
perpetually engaged in. For in this, all Species of Bodies are placed; in this 
they move; and in this they perform all their actions; as well thoſe ſingular 
ones which proceed from their proper and particular Natures ; as thoſe which 
are produced from their mutual, or as it is called, relative, diſpoſition. Nay, 
there is ſcarcely any Liquid, as will. hereafter appear by Experiments, which 
has not Air intermixed with its parts; ſcarcely any Solid, out of which 
Air may not be extracted by ſome Art or other. So that in ſhort, it is very 
difficult to mention any known Operation of Nature, which happens without 
the aſſiſtance of Air, or utterly excluſive of it. The Operations of Fire, the 
Loadſtone, Gravity, and the particular attraction, and repulſion of Corpuſcles, 
may perhaps be alone excepted, as capable of being 6 phony without it: 

To all others it is abſolutely neceſſary. Whatever the chemical Art performs, 
it executes in the Air without any exception that I know of; unleſs, perhaps, 
the Alchemiſts will have it, that the Matter of the Philo/opher”s Stone, rightly 
prepared, and carefully lock*d up in the philoſophical Egg, is intirely de- 
prived of all crude Air, and is brought to its maturity, rather in vacuo, than 
in Air; for indeed, they all declare to a Man, that nothing is ſo great an 
obſtacle to the maturation of this moſt beautiful Fruit, as the crude Air: But 
this may be ought rather to be underſtood, of the other Particles that are 
intermixt with the Air, than of the pure Element itſelf. 

We know with the greateſt certainty, that Fire which puts all things in Becaus: it 
motion, can ſcarcely be either collected, preſerved, directed, increaſed, or pn“ 

* moderated, without Air, Hence, then, if Fire requires Air, of — ; 
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all its Operations will require the ſame; ſo that without it, Fire would ceaſe to 
operate, nor could be applied to other Bod ies. But let me caution you, that 
I am here talking of that Fire which is excited and fed with inflammable 

Fuel, by the means of which, both Art and Nature execute their principal 

deſigns, and which, as has been proved by many Arguments above, ſtands in 

ſo much need of this Element. 5 N 3 3 

man won Whoeyer has leiſure and inclination to take a view of the more general 

Vegetables, Claſſes of natural Bodies, will find, that Air is every where required to their 
vitality, growth, vigour, and action. For if their vitality conſiſts in their propel- 

ling their humours through proper veſſels, and by a peculiar power, converting the 

foreign Juices they receive into their own nature, or at leaſt by a ſingular vertue 

applying them to their Subſtance, and thus increaſing in their magnitude; 1 

cannot help thinking it utterly impoſſible, that any one of theſe functions can 

be performed without the perperual aſſiſtance of Air; but that its preſence 
and aid is abſolutely neceſſary to them all. | FE. 35 | 

Air, how fr The chemical Tribe, in particular, I am aware, will be ſurprized, when 

concerned in they hear me calling in the Air, in order to ſet forth the ceconomy of Foſ- 

Foſſils, ſils ;ſince their excluding ſimple matter ſeems to have occaſion for the efficacy of 
Fire alone, to be capable both to act and undergo whatever is brought about in 

the Species of Bodies. But certainly, thoſe who have duly conſidered the nature 
of things, have long ago underſtood that Foſſils are brought forth, and multi- 
plied, in the deepeſt receſſes of the mines, and are thence protruded upwards, 
and that all this is accompliſhed by the exquiſite power of the ſubterraneous 
Fire. And as this is certain, ſo likewiſe it muſt be allowed, that this fubter- 
raneous, veſtal, and perpetual Fire, is there retained, collected and apply'd, 
by the Air alone. This, Gentlemen, is what Iam particularly deſirous to ſet be- 
fore you in a proper light, as it is a point which has hardly been clearly han- 
dled any where elſe. Air then is a heavy, elaſtic, Fluid; denſe, in propor- 

3 | tion tothe weights that compreſs it, acts more powerfully upon the ſame Fire, 

; in PR to its acquired denſity; expands itſelf in the ſame Ratio, as it is 
freed from compreſſion ; rarefies proportionably to the intenſeneſs of the Fire 
that acts upon it; and inſinuates itſelf into all things; and exerts chiefly all its 
Properties, in thoſe parts which are deep, and towards the center of the Earth. 
Hence, therefore, it always operates the more violently, the deeper and denſer 
it is, and being agitated by the Fire, which by this very attrition of the Air is 
collected there in greater quantity, becomes the phyſical cauſe of the moſt vio- 
lent compreſſion, attrition, compaction, depuration, and union of homogene- 
ous Particles: And hence, the Foſſils which are generated there, are of a na- 
ture ſuitable to ſuch a cauſe. Without this Air, none of theſe would be pro- 

- duced, And, perhaps, this is the ſole reaſon, why they are only formed in 
thoſe places. But more of this hereafter, What I have here ſaid is ſufficient, 
as it ſerves to let you ſee, that the preſence and active vertue of the Air is re- 
quiſite to all the Operations of Nature. 1 | 

In Animals Nor will it be any ways neceſſary, that I ſhould explain to you the power 

bis,. of this Air upon Animals, and Plants; for ſome late very accurate Experiments 
have fully inſtructed us, that no Eggs of Animals, or Seeds of Plants, be they 

ever ſo ripe, pregnant, and the beſt of the kind, and cheriſhed. with ever ſo 
kindly a warmth, will ever bring forth the Embryo's contained in them, 1 7 : 
| Rn 7 will 
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will remain intirely unactive, if they are either deprived of Air, or are incloſed 
in ſtagnating Air in Glaſſes hermetically ſealed. All ſmall Plants, likewiſe, 
even the moſt minute Moſſes, or aquatick Vegetables, when they are kept in 
a place void of Air, or when it is not renewed, preſently wither and die. 

That the ſame alſo happens to all Animals, even to the ſmalleſt Inſect, is true, 

beyond all contradiction. Thus then you clearly perceive the mighty influence 

of Air over all things. = 
An accurate knowledge, therefore, of the Air, by which its actuating proper- The know- 
ties may be underſtood, is abſolutely neceſſary for the Chemiſt, Phyſician, and {ko 
natural Philoſopher ; for by this means alone, we ſhall be able to comprehend fore, very 
a great many Operations, which are performed by Art, or Nature itſelf, their Weft, 
* often being ſome innate power of the Air, that exiſts no 
where elſe. - 


In the mean time, there is not, perhaps, any natural Body, the perfect know- Though dit- 


ledge of which, is a matter of greater difficulty; becauſe ſpontaneouſly, and *= 
of itſelf, it ſcarcely affects the organs of our Senſes. This one may juſtly at- 
tribute to its exceeding ſubtilty, to which the dulneſs of our Nerves renders 
us inſenſible; inaſmuch, as, even by the aſſiſtahce of the moſt perfect Mi- 
croſcopes, weare not able to diſcover any thing in it. But there is yet ſomewhat 
elſe in the Air, which is ſtill a greater obſtacle to our rightly underſtanding its 
Nature, and that is, its containing ſo many various kinds of Corpuſcles, that 
in the whole Univerſe, there is not found a Fluid compounded of a greater 
variety. Nay, when you have heard what I am going to deliver concerning 
this Element, it- will clearly appear, that there is hardly any Spectes of Bodies 
that we are acquainted with, of which ſomething doth not float about in the 
Air; Gold itſelf, the leaſt volatile of all Subſtances, not excepted. 

It is highly neceſſary therefore, that we firſt of all take moſt diſt inctly into Methoa 

conſideration, every ſingle property of the Air, carefully avoiding all confuſt- fr. 
on : This done, and each being ſeparately examined with due application, we 
ſhall by making an aggregate of the whole, obtain as true a knowledge of it, 
as the nature of the thing will admit of, 3 | 
The firſt property then of Air, which offers itſelf to our conſideration, is its x, the 6:6 
fluidity. This is ſo natural to it, that I do not remember ever to have heard place Air 
of any Experiment, by which Air could be deprived of it. It is evident to“ “ 
every one's obſervation, that even in the ſharpeſt Froſt, when every thing, al- 
moſt, is congealed, the Air ſtill remains liquid; nay, in an artificial Cold, 
40 degrees greater than ever Nature has been obſerved to produce, the Air 
ſtill retained its fluidity, notwithſtanding it was acted upon by ſuch a prodigi- 
ous exceſs of Cold. If you compreſs the Air with ever ſo great weight and 
force, too, into the utmoſt denſity, yet it does not then become ſolid by con- 
cretion, but remains equally fluid as before, and as ſoon as ever the compreſ- 
ſion is removed, it teſumes its former liquidity : Nay, among the various co- 
agulations I have diſcovered in the mixing of different Liquids together, which 
certainly have been a very great number, I have never yet met with one ſin- 
gle Experiment, by which it appeared, that Air was coagulated into a ſolid 
Maſs, I confeſs, indeed, one Noon, in froſty Weather, when the Air was very 
ſerene, I obſerved ſome very ſmall Corpuſcles floating about in it, gliſſening in 
the Sun, and by the variations of their little Surfaces ſparkling with wonderful 

Rs 1 K k coruſcations; 
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= | Elements of CHñMEMIST RV, Part II. 
coruſcations; but after a careful inquiry, I diſcovered, that theſe were 
nothing but little Glebules, conſiſting of Particles of Water, which before were 
diſperſed about in the Air, but were now united and congealed, and thus ap- 
peared in form of a very ſubtil Hoar-froſt. Were it poſſible, therefore, that 
Fire could admit of concretion with other Bodies, concerning which you may 
remember, I have treated already; Air ſurely would appear to retain its flut- 
dity much more obſtinately than Fire itſelf, But, indeed, it rather ſeems pro- 
bable to me, that there are in Nature two Fluids, the Elements of which will 
never unite with each other, nor will ever harden with any other Bodies into 
one homogeneous Maſs: And theſe rwo are Air, and Fire. In the mean time, 
however, while Jam talking in this manner, I would not have you think, 
Gentlemen, that I have forgot, that this very Air grows together, and unites 
with every kind of known Bodies, and 16 ſerves as a kind of Element in the 
compoſition of coneretes: For this is ſufficiently evident from the large quanti- 
ty of Air, which of itſelf makes its way out of almoſt every Body, whilſt it is 
OE. into its Principles, and is now-a-days, perhaps not fo properly, called 
factitious. But you, Gentlemen, who have examined this Air with me, know 
very well, that it is contained in all known Liquors whatfoever 3 that it penetrates 
together with them into all the receſſes of concreted Bodies; that thus at length, 
after a coalition of the whole, it remains lock'd up in the Meatusrs of the Bo- 
dies, as it were, in very minute Veſſels; and afterwards, the Liquor in which 
it was convey'd thither, being diſſipated, it is left there alone. Hence, 
then, you ſee very clearly, that this Air was not concreted there; but only 
lay concealed, being retained by the including Body. As ſoon as ever, there- 
fore, it can diſengage itſelf from this confinement, it ruſhes forth intirely un- 
changed, and returns with all ſwiftneſs to its proper Nature. But this ſtill ap- 
pears more evident, if we conſider common Water 'whilft it is freezing. Is 
there not hid in it a great quantity of inviſible Air? What becomes of it? 
Why, as ſoon as ever the Water begins to form itſelf into Ice, and its Particles 
are preſs'd nearer, and united together, as they are now deprived of that degree 
of Fire, which is neceſſary to keep them aſunder, and prevent their running into 
their natural union; then, J ſay, the Particles of Air intercepted between the Cor- 
puſcles of Water, cannot congeal, but are preſſed out of theſe interſtices, are 
united with other Particles, are ſeparated from the Water, collected in Bub- 
bles, become again a moſt fluid Air, and thus evidently evince, that this Air 
was intercepted indeed, but not concreted, coagulated, or altered. The fame 
thing being ſuppoſed to happen in the like manner in all other Bodies, the firſt 
property of Air, namely, its fluidity, is ſufficiently made ou. 
The finenes In the firſt place, now, the fineneſs or ſmallneſs of every Particle of Air, 
or ie pas conduces to this its fluidity; for they are ſo exceeding minute, that no one 
of them can be preſented to the Eye by any Microſcope whatever. And yet 
they are far greater than thoſe of Fire; for they can neither make their way 
through Metals, Glaſs, Stone, or thick Wood, nor even through good Paper. 
And hence Air may be excluded or ſhut out from many places: Nay, it cannot 
fo much as paſs through thoſe inviſible Pores of Bodies, through which Wine, 
Oils, Water, Brine, Lixiviums, alcalious and acid Spirits, are able to inſinuate 
themſelves. Theſe Obſervations are all evidentlyconfirmed by the Air-pump. 
For if you put a leathern Ring on the braſs Plate on which you fix the Receiver =-- 
Out 


— 


- 1 1 

; .. __ — — = 
r * - Ws 

CE I ne — - — 


* 8 1 2 wo — * - N 
3 al * 7 * * a 8 i * — * 2 — 4 | 
| 8 TE Va ba * F — . 
« x 2 "= = a "= r A l 
mm i — — 
„ - . . — — 7 — Et —„— oo 


* a4 — a —— YR D J 
— ar — = 2 ä _ —_ 


* Lure 
r iy 5 


3 : D 
% — — —⅛ 2 


8 o « 22-> 
- 7 2 *% 4 « 1 
Les IK 22 = 26-74 Fa. 2 — ꝙ6ꝗũ3ꝛͥ — _ 
— ä + Sg We — SAS. . 4 „»„ĩ„,¶—: . 
— . RY? 
. 
2 


4 + A, — . * 
r r — — — Sos PITS 2 1 — -- * 
2 
r 
2 — > —— 2U— Eos — — Xo 6 1 — 2 5% an = * 


__ 


Dꝛesry of te ART. 

out of which you exhauſt the Air, and place the rim of the Receiver on the 
ſaid Ring, then the weight of the Atmoſphere, when the Air is exhauſted from 
the cavity of the Bell, will preſs the rim of the Bell with fo much force upon 
the Ring, that the external Air will not paſs into the cavity through the ducts 
of the porous Leather, but will be intirely kept off; and yet, if you pour any one 
of the beforementioned Liquors upon the outſide of the Leather, it will be imme- 
diately imbib'd, and it will inſtantly inſinuate itſelf under the Glaſs into the va- 
cuum; à manifeſt proof, that other Fluids, tho' ſomewhat thick and tenaci- 
ous, can eaſily paſs thraugh the Pores of Bodies, that repel and keep off the 
Air. And the ſame thing is likewiſe eaſily made evident by an infinite num- 
ber of other Experiments. 

from one another, that this divulſion may be procured by a force ſo ſmall, as 
does not fall under the notice of any of our Senſes. Nor does it ſignify at 
all on which fide, or which way you attempt this ſeparation, it being always 
equally eaſy. This exceeding ready diviſibility every one may obſerve, who 
conſiders the motion of a ſmall poliſhed Body through the ſtill Air, Can you 
not move a Steel Needle with great facility in the circumambient Air, which 
way ſoever you pleaſe? And it is the ſame with all other Bodies. This pro- 
perty, therefore, you will give me leave for the future to call the lubricity 
or {lipperineſs of the Air. | 

However, when we carefully examine this lubricity on all ſides, we diſcover, 
methinks, ſome tendency towards a union between theſe Particles, by means 
of which they readily run together into a mutual aſſociation ; a ſlight one, I 
confeſs, indeed, and that may be eaſily deſtroy'd ; but that is ſtill a proper 
aſſociation, For upon examination, does it not appear, that whenever one 
ſingle Particle of Air lies hid in any Liquid, ah 5 4 of it is any ways per- 
ceived but as ſoon as ever a like Particle is united with it, there preſently ariſes 
a Bubble from this union, which by a certain tenacity eppoſes its own 
diſſipation? And if afterwards, another and another like Bubble meets with 


the former, is it not obvious to every one, that there ſucceeds, in proportion, 


a ſtill greater Bubble, tenacious, as the former, of its magnitude and ſpherical 
figure? You will think, perhaps, that this is rather owing to the compreſſive force 
of the ambient Liquid; nor do I deny, that it may poſlibly happen by that 
means: But yet, the effort at leaſt of the aerial Particles towards an union 
with one another, will be ſtill greater than that between the Particles of Water 
and the very minute Particles of Air. The attraction, indeed, between theſe 
Particles, I acknowledge to be very ſmall: Nay, but you will be apt to ſay, 
there is a repulſion between them, as the great Newton has plainly demonſtra- 
ted: Nor do I deny it, and ſhall myſelf profeſſedly treat of it by and by. In 
the mean time, however, it remains certain, that there is a power in theſe Par- 
ticles, by which, when they are united in a ſpherical figure, they long main- 
gu themſelves in that figure againſt the force of the Bodies that ſurround 
them. | | | | 
For if we examine this inclination to coheſion more cloſely, we ſhall preſent- 
ly fee, that the aerial Particles ſingly and ſeparately conſidered, very eaſily ſuf- 
fer themſelves to be mixed with any other Liquid void of Air, and that they 
obſtinately abide in it, quietly reſting in its interſtices, in the ſame manner as 
SK 3 any 


In the ſecond place, theſe ultimate aereal Particles are ſo eaſily ſeparated The lubric- 
ty of the 


parts of Air. 
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acrial bubble, that is compoſed of many united Particles of Air, and placed 
on the ſurface of a Liquor intirely deprived of it, will reſolve itſelf into its 
elementary Particles, and that theſe, when they are thus ſeparated, will be car- 
ried into the empty pores of the liquid, and never gather themſelves into a 
bubble again, unleſs by the additional force of a greater cauſe. 99957 

And hence, in the third place, we account for the Air's imperceptibility, 
already mentioned, to our ſenſes. Nor would ever any one have thought of this 
Air which we now treat of, had not ſome great Bodies, and chiefly ſuch as 


contain but a ſmall quantity of matter under a large ſurface, been moved 


with their broadeſt ſurfaces through it. But in this caſe, the Air reſiſt in 
the motion with a remarkable repulſive force, immediately manifeſts itſelf to 
be a hard body. And as theſe reſiſtances, which are in reality actual repulſes, 
vaſtly increaſe according to the augmented velocities with which the Bodies are 
moved, viz. as the Mathematicians compute in a duplicate proportion; hence it 
may happen, that this imperceptible ſoftneſs of the liquid Air, may become as 
hard as a Stone. For if a perſon ſhould take a very thin braſs plate an hundred 
feet ſquare, and with its ſurface directly forwards, try to carry it erect through 
the Air when it was ſtill, with ſo great a ſwiftneſs, that it ſhould move the 


| ſpace of two and twenty feet in a ſecond of time, he would then find in this 


Air an incredible reſiſtance or hardneſs, eaſily to be computed by Mariott's 
method. And if with this plate erect and quieſcent, any one ſhould receive 
the ſhock of a Wind ruſhing with the greateſt rapidity, he would then like- 
wiſe experience, with what hardneſs the Air is capable of ſtriking, when it 
is hurried along fo fleetly. So 7 | 


All this now 1s to be underſtood of the whole Air, as a compound, in which 


very great and heavy Bodies are capable of ſwimming, as appears by Birds 


The Gravity 
or the Air. 


and things of ſome weight carried away by the Wind, not to mention thoſe 
of a lighter nature, as Duſt, Sc. 
The next property of this Air, conſidered in the ſame manner as before, is 
the ſingular weight of its whole bulk ; for in this reſpect all the parts together 
which in the aggregate conſtitute this Air, preſs with ſo gravitating a force to- 
wards the Center of the Earth, that by their fluidity, they form a Sphere around 
its ſurface, which we may properly enough call the Air-ſphere, and which, 
on account of the very large quantity of Vapours exhaled into it, has hi- 


therto by Philoſophers been called the Atmoſphere. 


The Gravity of the Air, formerly diſcovered, Torricellius, that great Floren- 
tine Geometrician, ventured in the year 1643, to determine ſtatically. After 
him, the famous Otto Guerick proved this Gravity by ſeveral experimental ap- 
peals to the ſenſes, in the year 1655. That very ingentous Philoſopher Monſ. 
Paſchal afterwards cleared it farther up; and the great Mr. Boyle rendered it 
more compleat. It was Mariott, however, who gave the beautiful finiſhing to 
it by the moſt curious Experiments of all; inſomuch that now-a-days no 
part of natural Philoſophy ſtands upon ſurer principles than this of the Gra- 
vity of the Air; for by the aſſiſtance of what theſe Gentlemen have done 
for us, the weight of the whole gravitating Air-ſphere may be obtained to the 


_ greateſt nicety, and expreſſed under the denomination of common weights. 


Ik 
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lt has hitherto, however, remained impoſſible to determine the weight How fr dif- 
of the aerial Body, comparatively with other Bodies, the weight of which is“ 

known. For upon inquiry, it very ſoon appeared, that no two equal portions of 

Air taken at the ſame time, but at different heights, were ever of equal 

weight; but that on the contrary the lower Air always outweighed the high» 

er. And this holds ſo univerfally true, that the very ſame thing is obſerv- 

ed from the ſurface of the Earth to the tops of the higheſt Mountains. Nay . 

in the. very ſame place you will hardly ever find, that an equal quantity of 

Air, at different times, will be of the ſame Weight ;- but even in this caſe 

there is obſerved a great variety, it ſometimes weighing more, ſometimes leſs. | 

The Air-ſphere in our climate, wherever it has hitherto been obſerved, is very Found tova-- 

conſiderably, and almoſt always wonderfully changing with reſpect to its weight, EY 
which never continues long the ſame. This variation is chiefly apparent when- 
ever there is any Alteration in the Meteors in the Air, which is pretty frequent: 
For Rain, ſudden great Showers, Fogs, Hail, Snow, Lightning, Thunder, 
Winds from various quarters, Storms, Whirlwinds, Drought, and the Changes 
of the planetary Aſpects, are certain indications of the Atmoſphere's becoming 
very ſoon of a new or different Weight. In this Affair the different Seaſons 
of the Year likewiſe produce an incredible variation. By means therefore of 
this ſucceſſive and inceſſant mutability, depending on fuch a number of cauſes. 
which are continually reviving, it comes to paſs, that the weight of the At- 
moſphere never continues long the ſame. And hence an infinite number of ef- 
fects about the Earth, which almoſt all depend upon the action of the gravitat- 
ing Air, are in a perpetual viciſſitude and inconſtancy: So that this 
fingle Variation of the Air alone in point of Weight, is the ſource of a great 
many cauſes which produce different events. In the mean time however, by 
the help of very accurate Obſervations, continued for the ſpace of above 86 
years, we are now come to the knowledge of the greateſt and leaſt Gravity of 
the Air that happens in Europe. For upon examining, it has been found, that 
the greateſt Weight of the Atmoſphere is in equi/ibrio with 30+ inches of Quick- 
filver in the Barometer, but that the leaſt would raiſe it only to 274: So that thediffe- 
rence appears to be almoſt a tenth part of its greateſt Weight, within which 
compaſs the perpetual variation of the gravitation of the Atmoſphere is in- 
cluded, 12 85 5 . . 

This daily alteration now is owing to many peculiar, and perfectly different r kn. . 
cauſes, but yet, however, ſuch as are intirely certain, and may be come at by der dnn 
diligent Obſervations. And whenever this ſhall be accompliſhed, then we ſhall Laws. 
be able to form a regular notion of this Fluctuation, which at preſent is look- 
ed upon as intirely uncertain. From whom now ſhould we fo juſtly expect 
this, as from the famous Nicholas Kruquius, whoſe genius, learning, and inde- 
fatigable induſtry, highly qualify him for the cultivation of theſe ſtudies, 
and whoſe aforementioned Meteorological Tables compoſed with infinite dilt- 

I gence and accuracy, ſhew us at one view all the cauſes concurring to every 
degree of the increaſed Weight of the Atmoſphere. It were to be wiſhed, that 
theſe ſo uſeful inquiries of this great maſter in Natural Knowledge, might 
meet with encouragement equal to their merit; leſt when he is gone, we 
ſhould look in vain for another that is equally qualified for the fame diſ- 
coveries. | "I 
; Laſtly, 
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And cm- Laſtly, it has been likewiſe obſerved, that the Weight of the common Air, 

OM about our Earth, at the time of the middle Weight of the Air-ſphere, and 
in the moſt temperate ſeaſon of the year, is to that of Water, as 1 to 850: 
But then this muſt be underſtood according to theſe conditions, otherwiſe ir 
would be impoſible to affirm any thing certain about 1t. 

The effets In the firſt. p 

0 che dr. Earth, preſſes its ſurface with a perpetual force. And this preſſure upon any 

moſphere. particular Body is equal to that power which at the ſame time keeps up a 
perpendicular column of Mercury to the height it then obtains in the Ba- 
rometer; the Baſe of which Column will be a horizontal Plane cutting a 
Pyramid whoſe vertex is in the center of the Earth, whilſt its Sides touch 
the horizontal boundaries of the Body thus preſſed by Air. Thus then 
may this power be every where exactly computed, by conſidering the height 
of the Quick-ſilver in the Barometer, at the time the computation is made, 
and the magnitude of the ſurface of the Body, the preſſure upon which is re- 
quired. And hence it is inferred, in the ſecond place, that Bodies diſperſed 
in the Earth, are ſo much the more preſſed by the incumbent Air, the 
nearer they are to its center; for it is evidently demonſtrated in hydroſta- 
ticks, that the preſſures of liquids upon their baſes are in proportion to their 
perpendicular Altitudes. Hence, therefore, if we conſider the Air as a Li- 
quid, every where homogeneous, and incompreſſible; then the proportion in 
which Bodies are compreſſed in every part of the perpendicular from the 
ſurface of the Earth to its center, might be eaſily diſcovered : But as the 
elaſtick power of the Air brings a great many very different conſiderations 
into the ſubject, we ſhall ſpeak particularly of that matter by and by. In the 
third place, it appears on the other hand that all Bodies, the farther they are 
raiſed above the center of the Earth, the leſs in proportion they are affected 
by the preſſure of the Air. But it muſt be obſerved farther too, in the 
fourth place, that Bodies in the very ſame ſituation, will be more cloſely 
compreſſed together, as the weight of the Air is augmented, according to the 
abovementioned obſervations. And fifthly, as ſoon as ever the fame Air de- 
creaſes again in its weight, the preſſure upon theſe Bodies will be proportionably - 
diminiſhed. Sixthly, all thoſe Bodies, therefore, that are expoſed to the Air 
are never long compreſſed with the ſame external force ; but the compreſſion they 
ſuffer is varying continually ; with this limitation, however, that the difference of the 
preſſure is never found in the ſame place to exceed one tenth of the whole; within 
which tenth is included the whole compaſs of this variation. Seventhly, therefore, 
the Air itſelf, while by reſting on all Bodies it thus compreſſes them with various 
forces, mult likewiſe in proportion be repreſſed by them, provided they are elaſtic, 
or ſuch as have in them an innate effort to expand themſelves, or to recover that ſize 
which is the proper effect of their natural energy. And hence, therefore, it appears 
likewiſe, in the eighth place, that in all Bodies which are ſituated in the Air there 
is a perpetual oſcillation of their Particles correſponding to the reciprocal aug- 
mentation or diminution of the Weight of the Air. This oſcillation is but 
{mall indeed, as being confined within the length above mentioned, for the com- 
paſs of its variation; but {till it is a proper oſcillation, and is almoſt continual. 
But we have before, in the Hiſtory of Fire, taken notice of another tremulous 
vibration in the Particles of Bodies, produced by the various viciſſitudes of 


2 Heat 


lace, then, the Air reſting with its whole weight upon our 
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Heat and Cold, which, therefore, in conjunction with this of che Air, muſt bring 
about very conſiderable and continual effects. We acknowledge, therefore, 
two perpetual cauſes of the conſtant, internal motion of all the Particles of ela- 
ſtic Bodies, viz, Fire, and the Air-ſphere. In the ninth place, however, it 
maſt be remarked, that upon Bodies, which are abſolutely ſoft, if any ſuch 
there are, that is, that are intirely deſtitute of a power to recover their for- 
mer figure, when the force that preſſes them is removed; and upon Bodies, 
ſuch as Water, which cannot by any external Weights be reduced into a 
ſmaller ſpace; upon ſuch, I ſay, the compreſſive force of the Air-ſphere, with 
regard to its increaſe or diminution, has no effect; and conſequently, upon ſuch 
Bodies, the reciprocal Oſcillation we have mentioned, will be of no efficacy, 
Seeing then that Fire acts equally, nay more upon theſe very Bodies, than 
on all others, it plainly appears, that the power of Fire, on this account, 
is to be regarded as far more univerſal than that of Air, and conſequently of 
any other Body, 5 

It will now be of ſervice to us, if with an eye to Chemiſtry, we take a view The effects 
of thoſe effects which the external Air produces, conſidered as a fluid and gra- 1 
vitating Body together; for in this light it evidently appears, that it muſt reſt Fluid and 
with ſome force upon the outward ſurfaces of all Bodies, as has been juſt now Bay ge 
explained. Hence therefore, in the firſt place, it will inſinuate itſelf between ther. 
the ſurfaces of all Bodies, the diſtances of which from one another leave inter- 
ſtices ſo wide for the admiſſion of the external Air, that by its ſubtlety, or 
the looſe texture of its parts, it may be able to enter into theſe little ſpaces. 
Hence, likewiſe, it is evident, that all the little inviſible Meatus's of Bodies, 
which are qualified in the manner juſt mentioned, though they appear to our 
ſenſes to be perfectly empty, are in reality full of common Air. And ſince 
this Air muſt certainly in thoſe Interſtices perform all the effects which are 
proper to it; hence an infinite number of the operations of Nature will of 
conſequence depend upon it. Secondly, it is a curious obſervation in Hydro- 
ſtaticks, that the heavy and fluid Air preſſes upon every ſide of Bodies with 
an equal force, whither the horizontal, vertical, ſuperiour, inferiour, or ob- 
lique. This is demonſtrated in that Science: But as Chemiſts are often unac- 
quainted with thoſe ſtudies, I have thought it proper to give an ocular 
demonſtration of a truth which is of ſuch importance in the Chemical art. I 
take then three glaſs veſſels ; one cylindrical, A; another conical, B; the third, 
C, running, like a bolthead, from a ſpherical bottom, into a long, cylindrical neck, 
Under thele three you eaſily conceive, all ſorts of ſimple veſſels may be com- 
prehended, as is eaſily demonſtrated by Geometry. Be pleaſed to obſerve, then, 
in the firſt place, I fill the Cylinder A with fair Water exactly up to the brim. 
Upon the ſurface of the Water then I put a piece of ſingle clean paper, D, juſt 
big enough to cover the mouth of the Veſſel, and this with the palm of my 
left hand I preſs equally on the ſurface of the Water, fo that between that 
ſurface and the paper no Air can be retained. Then with my right hand I in- 
vert the veſſel, as you ſee, in ſuch manner, that the palm of my left hand re- 
mains cloſe upon the paper. Having in this manner turned the veſſe] upſide- 
down, ſo that the mouth of it, which is covered with paper, is at the bottom, 
Igently remove my left hand, and with my right I hold the Glaſs as it were 
freely ſuſpended in the Air: And you ſee, that not the leaſt drop of Water 

runs. 


: 
1 

29 

NY 
4 

1 
216 
at 
19 

Ng 
Ji 


* 
h 
: N 
4 
: 
1 
| ob 
$ 4 
14 5 
i 
”. 

& * 

i, 

* 4 ö 

; F 
(4 { 

} 1 

* 9 
1 

Wo) 

—_ 

8 - 

"1 —_ 

1 1 

+ JI 

1 

4 * 

IE 

ph = 

nM 

a> pb 
Is 

* * 

4 * 

y R 
£46. 

* a \ 

oe _ 

= 
, b, 

of 4 ol J- 

—_— 

* 

1 
11 5 
f 1. * 
1 q ”'- 

0 cy * 
TI" 
* 4 
* 
Ly 
os 
N 15 
t 

4 1 

- 7 

d . 

1 5 

FM 7 

RS 
y e 

7 . 4 > 
* i 4 

3 
*; G3 
5 7 

4 
Ba 
3s 

+4 
. = 

0 1 

5 

ir. 

5 
1 

1 

2 = 
4 . 
© Rs 
þ 2 F 
7 

1 

$4 

43 4 « 

„ 

5 7 * 

J 
1 *} 
* U d 
lt 
3%. 
F 
= WY 
i Bs 
* 4 
. 
1 ® T 
: . 
9 
T3 
= vs 
N . 
er 
3 
4 1 
« 2 
* 
14 } 
: * Y 

6 N 
"4 
: 4 
T of 

X SH 
. x 

£ eg 
14 * Yo 

s 8 
. 5E 
ET 
: * 7 
1 < 7 
5 4B 

AE $5 
£ WI 
Ba "» 3 
HE 

7 - 
181 8 

1 = 
4 
: 0 

h 4% 

LY 
: 4 1 

4} r 
N La 
: 4.7 N 

: 45 3%? 

15 1 

of * 

0 f 1 
1 e 
TY E 3 
1 * 7 

7 * ky 
; ** 1 4 
' 7 EP 
13 : 3/* \ l 
4 Fi 
£7 23M 
* * 

: 1 

v4 3 0 
BS YL 
1 34 * 3 

; q: 
BY 6 

=. 
4 Py 

} 4 bo 
Ta 
: * 
4 
1 x 
S * 7 
- : 
$ | * 
= 

= 

ö . 

1 [i * 
1 T8 
BY Þ 

. ＋ 

* 7 

_ 

ﬀ 

1 & 
of WW. 
S730 141 

E > 
nt IE 

i C 
= Þ 
. 4 
[4 = 
* * 
f 135 q 
4 7 * % 

ts 4 8 
8 0 

= Þ 
*: . 
! 55 
3 We 

1 0 iy 
14 g 

. 3 

1 4 
: F 

df + 
o 6 ( 

: 1 

75 + 

/ 4 

= 

{ l 5 
25S: 4 4 

5 y 

2005 1 

* „ 
1 5 

3 

4 1 

: } 

o 

a * 
. 

= 

\ 

4 4 

53 

i 

N 
* 

4 

* 

& 

* 

+ 

* 

* 
a0 


— 


ens. — 
— 2 II 
i 2 


YT ̃᷑ hr 7—˖r coadomadid — 
— 2 e 
i TY EE — : 27 
— 8 _ = — — — = 
= _ — 


Elements of CRHEMNIST RV, Part Il. 


runs out of the Veſſel, but that the Paper remains as cloſely preſſed to it, as if 
the Palm of my Hand was ſtill apply'd to it. Obſerve farther, I gently turn 
the Veſſel from this vertical to an horizontal poſition z and does not the Wa- 
ter ſtill remain in the Veſſel, and the little Paper ſtill cloſely adhere to the 
mouth ofit ? Theſe things you plainly ſee. Do you not therefore acknowledge, 
that the preſſing power of the heavy and fluid Air, has the ſame effect upwards, 
laterally, and downwards, and that it preſſes a Body placed in it with the moſt 
exact equality in every point of its ſurrounding Surface? And therefore, that 
the Air which is perpendicularly under the mouth of the Veſſel, has the ſame 
force in its effort upwards upon the Paper, as the Air which horizontally preſ- 
ſes upon the Paper, and even as that which bears upon it vertically? This 
effect of every heavy Liquid, the great Archimedes obſerved very nicely, as he did 
every thing elſe, and raiſed a great many very curious demonſtrations upon it. 
There is in reality no end of the truths, which may be hence deduced, But 
theſe we leave to be explained by proper Maſters, whilſt we Chemiſts thus en- 
joy the benefit of them. The ſame thing again you ſee now in this conical 
Veſſel, The Baſe of this glaſs Cone B being open, and its vertex E cloſe, I 
fill the Veſſel compleatly up with Water, apply with the Palm of the Hand 
the Paper D, and turn the Veſſel til! the Baſe is undermoſt. I now take off my 
left Hand, and ſuſpend the Cone with my right. The Paper you ſee. does not 
drop off; nor does the Veſſel loſe one drop of Water. I gradually change the 
vertical into an horizonta! poſition, and {till nothing runs out, but the Paper 
remains as cloſely fixed as ever. Now, if the vertex of this conical Veſſel was 
open, and the Baſis cloſed up, and the like inverſion were made of the Veſſel, 
the very ſame effects would follow. This then you likewiſe ſee the truth of. 
Laſtly, then, I proceed exactly in the ſame manner with the other Veſſel, and 
you are Witneſſes, that the Experiment ſucceeds exactly as the preceding. Since 
This then is the caſe, you conceive, Gentlemen, with me, that the Air, therefore, 
preſſing equally upon every point of the Surface, enters likewiſe equally into all 
the Pores and Ducts to which it is applied, whether they are in the upper, 
lower, or lateral Surface, or in any oblique poſition whatſoever 3 and that it 
preſſes likewiſe with an equal force in all thoſe different parts, with this varia- 
tion only, that that part of the Air that is loweſt, always preſſes more 
forcibly upwards, the lower it is, that is, the nearer it is to the center of the 


Earth. In the third place, the Air by theſe its properties, compreſſes all Bo- 


dies on every (ide, fills up their cavities, and forms upon them a Surface, which 
has a very ſtrong coercive power. Hence, in the fourth place, it comes to 
paſs, that this Air, whether external or internal, which from its fluidity is ſup- 
poſed to be continually in motion, and by its gravity is applied to the exter- 
nal parts of fluid Bodies, cauſes a continual attrition, concuſſion, and agita- 
tion of their Surfaces, by this means mixes different Fluids together in a won- 
derful manner, applies and excites their reciprocal powers, and thus produces 
continually a great number of effects. Fifthly, however, it alters not the fi- 
gure or ſhape of the Bodies which are expoſed to it, excepting only ſo far as 
there are empty ſpaces in them, in which there is no Air. For if in ſuch a caſe 
they are not able to reſiſt this force of the Air, they will, by the preſſure of 
it, be reduced into ſmaller ſpaces, the corporeal parts will run together into a 

cloſer union, the whole Maſs become more ſolid, and the former bulk will ap- 


2 pear 
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pear diminiſhed. But this caſe excepted, the Air, with all. its force, is not able 
to break the weakeſt and moſt brittle Body that is fill'd with it, and placed in 
it; for as much as it preſſes on one part, ſo much exactly it ſuſtains on the 
other, and thus preſerves all Bodies in equilibrio, In the mean time we know, 
that the motion of the Air is always conſiderably ſwift ; which is particu- 
larly evident from an Obſervation made in a Room that is darkened, when the 
Air is very till, and then illuminated only by a fingle Ray let in at a very 
ſmall Hole: For if then any one ſtanding on one fide of the lucid aerial Cone, 
turns his Eye upon that luminous part, he will really be ſurprized at the 
motion of the Atoms, which with a conſiderable and perpetual rotation, are 
carried about hither and thither, and moſt rapidly confounded with one ano- 
ther. Hence, then, we are the more induced, with great probability, to con- 
clude, that all thoſe in the externa! open Air are conſtantly in a greater agi- 
tation, and conſequently, that the motion and attrition among themſelves, and 
upon the Surfaces of other Bodies, is very conſiderable, inaſmuch as the mo- 
tion is continual, and the gravitating force equal to the preſſure of a eolumn of 
Water 33 feet high. And hence we may eaſily conceive in the ſixth place, how 
ſtrong muſt be the attrition and motion of the Atmoſphere upon the Surfaces 
of all Bodies; eſpecially, as often as it is agitated by Fire, or Storms. Let us ſup- 
poſe, that in an Area of one foot ſquare, there gravitates the weight of 2080 
pounds; what a mighty piſtil is this? Let this now, in a great ſtorm, be 
mov'd with ſuch a rapidity, as that in a ſecond of time it ſhall run the ſpace 
of two and twenty feet, will not the force of this weighty piſtil, in the attrition 
of Bodies that are under it, be incredibly great? Thus, therefore, an infinite 
number of very powerful phy ſical changes are effected by theſe cauſes, which 
not being regarded by the Chemiſts, they have, in order to account for theſe 
effects, in vain invented, I know not what very abſtruſe, and plainly fictitious 
ones; whilſt in reality, the whole matter depended intirely upon theſe ſimple 
ones we have Juſt mentioned, nor required ſuch very extraordinary ones, aſ- 

ſumed without any foundation. In the ſeventh place, it ſhould be particularly 
remarked, that the ultimate Particles of the Air cohere together in ſuch a man- 
ner, that they are not very readily to be divided into their minuteſt parts, ſo 
as to inſinuate themſelves eaſily into the ſmalleſt paſſages, but theſe are re- 

quired conſiderable large, before this penetration happens. This I clearly 
demonſtrate to you by the following Experiment. I have here in my Hand a 
glaſs Thermometer, filled up to the brim with Water. *Tis four feet long, 

and the neck of it is ſo narrow, that the diameter of the Tube is only the eighth 
part of an inch. This, now, I invert fo that the mouth of the Tube is down- 
wards, and yet you fee that not one drop of Water comes out, but on the con- 
trary, it remains as unmoved in it, as if it had been very carefully ſtop'd. But 
again, the Barometer of Torricellius, with the ſuſpended Mercury, does not 
tranſmit any Air into the Vacuum which is left at the upper part of the Tube, 
tho' the Air exerts ſuch a mighty force upon the Surface of the Mercury, in 
order to fill up this empty ſpace : For here che Air cannot be divided into fo 
minute parts, as to enter the interſtices of the Mercury, but remains excluded. 
If the ſame Experiment is made with Water, or even with Spirit of Wine, the 
event will be always exactly the ſame. From all theſe Obſervations, therefore, 
it is clear, that the Air is not eaſily to * * into its minuteſt parts; id 
| | | ._> — Or. 
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Elements of CHE MIS RV, Part II. 
otherwiſe thoſe parts would paſs through the Pores of theſe Liquors, within 


which the Particles of Air may be diſpoſed, and lie concealed, as will appear 


manifeſtly hereafter, when we ſhall profeſſedly illuſtrate by Experiments, how 
the Air may be extracted from the inner Cells of Bodies, in which it is lodged. 
But in the eighth place, I ſhall endeavour to ſhew you, the magnitude of thoſe 
Bubbles by which the Air aſcends through Water contained in Tubes. You. 
ſee, I hold here a glaſs Thermometer which has a neck pretty long, and fo 


wide, that the diameter of the mouth is a quarter of an inch, This being full 


of Water, I turn upſide down. What is the conſequence ? Why you ſee the 
Air aſcending through the Water in the neck of this Veſſel, riſes only in large 
Bubbles, nor does by any means divide itſelf into little ones; and beſides, theſe 
Bubbles, which are of a very diſcernible ſize, ſtop here and there in the neck 
of the Veſſel. There muſt therefore either be a power of affociation in the 
Air, or elſe a repulſive power in other Liquors, with reſpect to the Air, by 
which they drive the aerial Particles into mutual contact. To make this ſtill 
Plainer, I will exhibit to you another Experiment: You fee here a glaſs Veſſel, 
Open at the top, in which there is pure Alcohol. This very ſmall glaſs Veſſel, 


formed like a Bolt-head, with a Bulb and narrow Neck, is full of fair Water. 
This now, into which the Air does not preſently enter, whilſt I turn it up, I 


thus invert and immerge the mouth of the neck which is now downwards into 
the Alcohol : And don't you evidently perceive the Alcohol afcending through 
the Water into the belly of the Glaſs in flow oily ſpirals, and the Water de- 
ſcending into the Veſſel which is now abandoned by the riſing Alcohol ? The 


Alcohol now refts in the upper part of the Vial, whilſt the infipid Wa- 


ter taking the place which is quitted by by the former, deſcends from that into 
the Veſſel. Hence, therefore, I look upon it as certain, that the Particles of 


the Alcohol and the Water, are, by vertue purely of their fluidity and gravity, 


moſt ea ſily admitted into, and tranſmitted through thoſe interſtices, which are 
left between the Elements of both; but that the admiſſion and tranſmiſſion of 
the Air is exceeding difficult. But this will be made ſtill more evident by 
this other Experiment: Inſtead of Alcohol, I have poured Oil into this Veſſel; 
and the Vial being quite full of Water, and turned bottom upwards, as 
before, I put the neck of it into the Oil. Could you now have expected 
what you ſee? How prettily do the Globules of Oil aſcend through the Water 
from the lowermoſt to the uppermoſt parts, till all the Oil, after much ſtrug- 
gling, has riſen out of the lower Veſſel to the top of the belly of the inverted 
Glaſs. The event will be exactly the ſame, if I fill the Glaſs with ſtrong ſaline 


Lixiviums, and immerge it after the ſame manner in Alcohol, fair Water, or 


Oil. Of this property of the Air, therefore, which we particularly recommend 
to the conſideration of the Chemiſts, we are likewiſe aſſured, by comparing it 


with other Fluids, viz. that the Particles of Air collected together in any quan- 


ty, are not by far ſo eaſily ſeparated from one another, as the Elements of any 
other Fluids that we are acquainted with. And hence, it is likewiſe evident, 
that the minute Particles of Air cannot eaſily be intermingled with other Li- 
quids, but rather run together within them, and thus diſcover themſelves by di- 
ſtinct Bubbles, or a collection of them which then becomes froth : Notwith- 


ſtanding which, however, when the ſingle Elements of Air have lodged them- 


ſelves, ſeparately, in the Pores left between the ultimate Particles of other Li- 
: quids, 


Theory of the ART. 

quids, it is a very hard matter to ſet them free again. This we are very cer- 
tain of, who have ſeen how difficult it is wholly to fetch out the Air which lies 
in this manner concealed in Mercury, and are ſenſible of the wonderful effects, 


with which this ſeparation is attended; for Hugens long ago obſerved, that 
Mercury freed intirely from Air, has kept ſuſpended in the Barometer to up- 
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wards of 50 inches. But of this property of the Air, I ſhall profeſſedly diſcourſe 


to you hereafter, Thus, then, I have faithfully laid before you thoſe proper- 
ties of the Air which it has in common with all other Bodies; and ac the ſame 
time have carefully explained to you its efficacy, conſidered in this view, upon 
thoſe Bodies which uſually fall under a chemical Examination; having only 


added ſome Obſervations, which I could not avoid, concerning its miſcibility 


with other Fluids. Let us now chearfully proceed to the conſideration of thoſe 
peculiar properties which are poſſeſſed by the Air alone. x | 
The firſt then that here offers itſelf to our obſervation, 1s the elaſticity which 


Phyſics has diſcovered in it. This is that ſingular quality, by which all known Ar 


Air, poſſeſſing a certain ſpace, and being confined there in ſuch manner that it 


cannot eſcape, will, if it is preſs'd together by a determined weight, reduce it- 


ſelf into a leſs ſpace, which will be always in a reciprocal proportion to the 
quantity of the weight that acts upon it; with this circumſtance, however, al- 
ways attending it, that it will conſtantly, by a ſpontaneous expanſion, recover 
again the ſpace it hath loſt, in proportion, as the compreſſive force is dimi- 
niſhed : And when this force comes to be the ſame as it was in the beginning 


of the Experiment, then the aerial Maſs will always infallibly expand itſelf 


throughout the whole ſpace, that it before filled up, provided, that no other 
cauſe, in the mean time, ſhall intervene to hinder it. If the preſſure is leſſen- 
ed, _ extends itſelf to a larger ſpace; if it is increaſed, it reduces itſelf into 
a leis. | 


Now ſuch a diſpoſition as this, Gentlemen, yielding ſo readily to ſuch a ls peculiar tp 


compreſſion, and yet recovering itſelf with ſuch a ſpring, I don't remember 
to have been obſerved in any other Liquid hitherto examined. Tis certain, 


no ſuch thing is diſcovered in Alcohol, Oil, Water, Spirits, or any Lixiviums. For 


The elaſti- 
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tho! all theſe are eaſi'y contracted by Cold, and dilated by Fire, yet they yield 


not to weight by proportional retreats into cloſer and cloſer ſpaces ; nor being 
freed from their preſſure, do they expand themſelves perpetually. This, there- 
fore, is the peculiar property of Air alone. And hence it merits an exact ex- 


plication, which you will ſufficiently underſtand, if I clearly lay before you, 


from Boyle and Mariotte, the wonderful Law of this elaſticity. 


Theſe Gentlemen, then, have diſcovered, upon the evidence of elaborate vader a cer- 


Experiments, that the following is to be looked upon as the principal Law of tay Laws 


this property; namely, that the Air by compreſſion is contracted into ſpaces, 
which are always exactly ſo much ſmaller, as the compreſſing weights are greater. 
Hence, therefore, the denſity of compreſs'd Air is always in proportion to the 
compreſling weight. Let us, for inſtance, ſuppoſe a cylindrical Veſſel full of 


Air, and the inſide of this Veſſel to be ſo very firm and immoveable, that it 


will not in the leaſt. give way to the preſſure of the contained Fluid. Let the 

Baſis of this Veſſel be exactly an Area of one Rhineland foot, its height 64 in- 

ches. The Air then contained in this Cylinder, will on its upper Surface ſuſtain the 

preſſure of the Atmoſphere, which we * to be 2112 pounds Troy weight; 
a 
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and the Air which fills up the capacity of the Tube, will be the ſame as the com- 
mon Air. If then the upper ſurface of this Air ſhould be compreſſed by a 
perpendicular column of Mercury of 29 inches height, the preſſure in ſuch 
caſe, would be twice as great as it was before from the Air ſphere alone. And 
according to the increment of the preſſure, the Air compreſſed would be re- 
duced into ſmaller ſpaces, in the proportion hereunder mentioned. 


15. 2112 preſs the Air ſo.as to make it fill this Cylinder = 1 
4224 — | _ 3 eee 5 
8448 — — — — 
16896 — — — — 5 3 4 
— . — Ä 
67584 — — 8 1 
270336 | —— — 9 


and ſo on continually. Hence, then, it very clearly appears, to ſuch as con- 
ſider the thing, firſt, that it is not a very eaſy matter by this method to reduce 
the common Air into a ſpace 64 times leſs than that which it naturally poſſeſ- 
ſes; fince ſo enormous a Weight, and ſo firm a Tube 203 inches high, are re- 
quired for this purpoſe; and the Air in point of weight, would be then to Wa- 
ter, about as 1 to 13. But if the weight here aſſigned to the Atmoſphere, viz, 
2112 pounds, was eleven times doubled, then the Air, which by this means 
would be reduced into a ſpace 1024 times leſs, would be a great deal. denſer 
and heavier than Water. In the ſecond place, it appears certain, that this Air 
can never be abſolutely reduced into no ſpace at all, tho' the weight, and con- 
ſequently the compreſſure cauſed by them, ſhould be ever ſo immenſly increaſ- 
ed, as a view of the Table annexed fufficiently demonſtrates. x 

How farthis Beſides, I ſhall, perhaps, hereafter make it appear, that one thouſandth. part 

ens, Of the common Air, at leaſt, conſiſts of aqueous, ſpirituous, oily, ſaline, and 
other Particles ſcattered through it, which being united together by. this com- 
preſſure, form at length a Body no farther compreſſible. So that on this ac- 
count, it ſeems to me quite incredible, that common Air can ever be reduced 
into a ſpace, a thouſand times leſs than it uſually takes up, without being com- 
preſs'd by this means into nearly ſolid Maſſes ; which indeed, with reſpect 
to the elaſtic aerial part, may be always contracted ſomewhat cloſer, but 
never in a Ratio with the compreſſing weights, becauſe then the Bodies too, 
mingled with the common Air, muſt likewiſe follow the ſame Law of elaſti- 
city, of which we ſufficiently know from Experiments they are abſolutely inca- 
pable. But as theſe Particles in the Body of the common Air, which are not 
compreſſible, rarely make one eight hundred. and fiftieth part of the whole, it 
is nothing ſtrange, that this proportion has always been obſerved, in the Expe- 

riments which have been made, concerning this Law: The reaſon of which. 

will immediately appear, when I come preſently to lay before you the Expe- 
riments of Mr. Townle 


hy This Law, Let us then in the 3 place confider,. that it is an eaſy. matter, by the 
= 3 means of compreſſing weights, to contract the common Air into a ſpace, leſs by 
1 | Experiment, half than that which it took up before: And in this ſtep of the Experiment it 
3 vi ⸗ has been very accurately obſerved, that this double condenſation was effected 

by doubling the weight. For in this caſe, thoſe compreſſible Corpuſcles which 


take 
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take up only a thouſandth part of the firſt Space make ſo little alteration, that 

they utterly eſcape the notice of the Senfes. The rule, therefore, in this firſt 

ſtep anſwers exactly to the Senſes, and is capable of ocular demonſtration. 

But in the third place, thoſe who are acquainted with theſe things will eaſily Afterwards 
apprehend, that the leſs the Spaces are, into which the Air is compreſſed, the g. 
greater gradually does the difficulty become of demonſtrating this Law. For covered. 
fince we are informed from Hydroſtaticks, that the preſſure of heavy liquids on 
the bottom and fides of their containing Pipes is always in proportion to their 
perpendicular Altitudes; hence you readily conceive how mighty . ſtrong the 
Tubes muſt be, for the carrying on of theſe Experiments, till the Air 1s re- 
duced into the one hundredth part of its natural Space. But you know likewiſe, it 
was long ago diſcovered by the Academy del Cimento, that even metalline veſſels 
have been inlarged in their capacities, by being filled with ponderous Liquids : How 
much more certainly then muſt this be the. caſe in Glaſs? And yet you ve- 
ry well know, that it 1s requiſite, that the inſtrument here made uſe of, 
ſhould be made of Glaſs, that the height of the compreſſing Mercury in the inex- 
panſible Tube may be compared with the height of the Air, compreſſed by the 
Mercury; becauſe it is only by an accurate knowledge, and an exact compariſon 
oftheſe heights, that we can come at the thing we are in ſearch of. But what a vaſt 
deal of caution and accuracy is here again required | The Tube mult be very long, 
not dilatable, every where exactly of the ſame figure, and perfectly tranſparent. 

The Air to be compreſſed, throughout the whole courſe of the Experiment muſt 
continue exactly of the very ſame degree of Heat, for every little increment of 
it in this caſe will act by ſo much greater an expanſive power as the Air is 
more condenſed by the compreſſing weights. And, indeed, not only in this, but in 
the other parts of Natural Philoſophy likewiſe, our Experiments are performed 
amidſt a thoufand concurring cauſes ; any one of which. being neglected, our 
concluſions upon the events will vary from the truth. 

But that you may have ſtill a juſter notion of the matters we are handling, give Ty. acove. 
me leave to lay before you the method by which the Philoſophers diſcovered this ry of this | 
Law of the Air's Elaſticity. This will enable you to judge more accurately, 
what is juſtly to be thought of this Law, and of the extent of it, in which point, 
perhaps, they have carried it rather too far. The great Boyle, then, took the. 
double-legg*'d Tube, AB b C, inflected as you: ſee in the Figure, open at P. vn. 
A, and hermetically made at c. He took care it ſhould be every where exactly F. 
of the ſame capacity in b c, and ſhould be made very thick and ſtrong. The 
Leg b c, was 12 inches long, and was accurately divided into Lines: The 
other, AB, contained a good many feet. By pouring Mercury then into the 
Tube at A, and by this means condenſing the Air in be, from 48 to 3, or 
from 16 to 1, he found, that the Space into which the Air was compreſſed was 
always diminiſhed in proportion to the Increment of the Weight. See Boyle 
againſt Linus, p. 60, &c. Mariotte, of the Nature of Air, p. 151, 134. | 

As this 8 was the manner, and this the extent of the Obſervations, by 
which the condenſibility of the Air, in reſpect of the compreſſing Weights, was: with ca- 
diſcovered, every one tees, that this condenſation was not carried beyond one tion. 
fixteenth of the whole. Nor, for my part, have I ever met with any authors 
that have made any farther advances in this matter, who have publiſhed their Ex- 
periments, The famous Dr. Halley, indeed, and the celebrated Academy del 17 
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great probability, however, of their aſſertion, I ſhall diſcourſe my ſelf by and 
: ; 


Elements of CAHEREMUISs TRV, Part II. 


(Mem. de Þ Academ. Roy. des Sc. 1703. p. 102.) inform us, that the Air 
cannot be condenſed beyond i, part of its natural Space; but the Experi- 


ments, by which theſe great men were able to condenſe the Air ſo far, as that 
after ſuch condenſation, it could not be reduced into a leſs Space, have not yet 


been made publick. Whatever thoſe Experiments were, however, this is cer- 
tain, that the Air ſo compreſſed, and reduced into ſmaller Spaces, will again ex- 
pand itſelf gradually into greater Spaces, exactly in proportion to the decre- 
ment of the compreſſing Weight, which vatio is conſtantly obſerved to hold 
true. And, indeed, the ingenious Mr. Richard Townley, as the great Boyle re- 
lates in the place juſt cited, diſcovered by Experiments that might be depended 
upon, that this ſpontaneous expanſion of the Air, upon the diminution of the 
compreſſing Weights, did moſt exactly follow this Law from r to 32. Upon 
the evidence, however, of theſe truths, thus far indeed certainly demonſtrated, 
let us take care we don't launch out too far, and abſolutely aſſert, that this Law, 
namely, that the Spaces taken up by the compreſſed Air, are in a reciprocal 
proportion to the compreſſing Weights, always holds true. For indeed, I con- 
feſs, it is my opinion, we are at as little certainty on this point, as the moſt illi- 
terate perſon whatſoever. Let us proceed, therefore, and ſet forth what we cer- 


tainly know of it from experimental proof. In the firſt place, then, we are aſ- 


ſured, that the common Air may be reduced into a Space ſixteen times leſs than 
it took up before; and that therefore it may be condenſed in this proportion. In the 
ſecond place, we are equally certain, that ſuch is the diſpoſition of this Air, that it 
may, by expanding itſelf, be diffuſed into a Space, two and thirty times greater, and 
fill that Space with as equal a diſtribution of its parts as before. In the third 
place, that this contraction of the compreſſed Air into a Space ſo much leſs, 
than what it poſſeſſes naturally, is owing only to the force of the externally ap- 
plied Weight, by which it is reduced into fo ſmall a Space. And again, in the 
fourth place, that the ſame Air being by any means freed from the force of the 
compreſſing Weight, does, by the power of its own peculiar nature, without 
the intervention of any other cauſe, excepting only the Fire that is preſent with 
it, expand itſelf in ſuch a manner, as always exactly to recover ſo much Space as 
it had before loſt by the compreſſure. And in the fifth place, which is pretty 
extraordinary, that this virtue of expanding itſelf, peculiar to the Air, does 
always remain after the greateſt compreſſure, ſince it always continues ſo accurately 


proportional to the quantity removed of the preſſing weight. In the ſixth place, 


that its capacity too of compreſſibility is equally indeſtructible ; for after the Air 
has been rarified, by removing the compreſſing Weights, to two and thirty de- 
grees, there has ſtil} remained in it, fo rarified, a property, by which it was 
again capable of being compreſſed, as before, by the like force of the former 
Weights. In the ſeventh place, we know from the moſt certain Experiments, 
that this dilatability, and compreſſibility of the Air, by the ſole action of 
Weight, anſwers accurately, as far as our ſenſes are able to judge, to the incre- 
ment or decrement of the compreſſing Weight. In the mean time, however, 
the Philoſophers of Great Britain and Italy, men formed by Nature for unravel- 
ling theſe myſteries, have declared in their Writings, that the common Air 
cannot be rendered above eight hundred times denſer. This, therefore, we learn 
likewiſe from their Experiments, which they have hitherto concealed. Of the 


by, 
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by, when I have communicated to you ſome things that are known for a certain- h 
ty, concerning the Corpuſcles which float about in the common Air, In the 
eighth place, therefore, Spaces filled with the ſame quantity of Air, are 
ſo far in a reciprocal proportion to the compreſſing Weights. In the ninth 
place, this 1s always true, as well in that Air, which is reduced into a Space ſix- 
teen times leſs, as in that which is only compreſſed by the common Atmoſphere. 
In the tenth yes it appears, according to the Experiments of M r. Townley, alrea- 
dy mentioned, that this proportion never varied in all the compaſs from 32 to 1. 
In the eleventh place, therefore, it is exceeding probable, that the ſame rule 
obtains likewiſe in a farther condenſation; but ſo as that by little and little, as the 
Air is more condenſed, greater Weights are requiſite, for the ſame condenſation, 
till at length all farther compreſſibility is utterly at an end. In the twelfth place, we 
ſee that the Air ſo contracted and compreſſed, does not tranſpire, or penetrate thro? 
Glaſs, nay, indeed, cannot paſs through the pores of the Mercury; for it till 
remains in the ſame part of the Tube, though by means of ſuch an incumbent 
Weight of Mercury, it is reduced to fo much greater denſity. Nay farther, tho” 
the Air, by means of Fire, is rendered warmer, and made to elevate the incum- 
bent Mercury, it does not then penetrate either through that, or through the Glaſs, 
Another law, which we find to obtain in the Elaſticity of the Air, is that it The elaſtici- 
cannot be deſtroyed ; inaſmuch as upon examination by every kind of Experi- ty of the Air 
ment, it has always remained elaſtic ; nor are its elaſtic parts either by long reſt, — N 2 
or the greateſt preſſure, ever ſo diſpoſed as to loſe the Elaſticy we have been juſt 
explaining. For Mr. Boyle and Mariotte having, with a particular view to this 
matter, kept common Air ſtrongly compreſſed, and ſhut up in a Wind-Gun, 
found, upon their ſerting it again at liberty, that it was perfectly as elaſtic as it 
was before, And lately, that great Geometrician Robervallius, examining Air 
which had been ſhut up for the ſpace of fifteen years after the like manner, 
found, that it had not loſt any thing of its Elaſticity. See Du Hamel. Hiſt. de 
P Ac. Roy. des Sc. p. 368. But it will hereafter farther appear, that even thoſe 
elaſtic Particles of Air, which are detained in the interftices of the moſt inter- 
nal parts of fluid or ſolid Bodies, do, when they are ſet free from thoſe confine- 
ments, and are afterwards united to other Particles, exert again that Elaſticity, 
which they then ſeemed fo utterly to have loſt, as not to give the leaſt indica- 
tion of retaining it. For as ſoon as ever they recover their liberty, they produce 
incredible effects, which can be attributed to their Elaſticity alone, and thus evi- 
dently make it appear, that neither time, nor reſt, nor even their ſuppoſed con- 
cretion with Animal, Vegetable, or Foſſil Subſtances, is ever able to deſtroy this 
wonderful property of the Air. In the mean time, however, we learn from the 
fame Experiments, that ſuch is the nature of Air, that its elaſtic Particles, when 
ſeparate and by themſelves, may be ſo united to other Bodies, by which they 
are intercepted, or at leaſt may reſt in them in ſuch manner, as not, for Ages 
together, to produce any elaſtic effect; and that yet, upon their being freed 
from thoſe Bodies, and mingled with others of - the like nature, they demon- 
ſtrate, that they have intirely retained their Elaſticity. Hartſhorn, for inſtance, 
may be preſerved for ſeveral ages; and yet upon a chemical examination of ſome 
which had been kept above fifty years, and by this means was grown exceeding 
hard and dry, it's ſurprizing what a quantity of elaſtic Air it yielded in its re- 
ſolution ! Hence, therefore, it is very probable, that one ſingle, 3 
FF = rticle 
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264 Elements of CHEMISTRY, Part II. 

| Particle is not elaſtic, with reſpe& to the increment or decrement of incumbent 

Weights ; but that this Elaſticity then only has being, when two ſuch Particles 

of Air come to touch and repel one another; and that, conſequently, if theſe 

elaſtic, aerial Particles were ſo far diſtant from each other, as that this repelling 

force ſhould utterly ceaſe, then this whole Liquid would, for that time, neither 

ſpontaneouſly expand itſelf, nor in the leaſt reſiſt any compreſſion 3 but would 

then only exert this power, when, by being preſſed cloſer to one another, 

they ſhould begin to come within the ſphere of each other's activity. One aerial 

Particle, therefore, would have nothing of this elaſtic power; but it would 

be only the joint effort of ſeveral. Hence then, in all appearance, the elaſtic 
power of Air ought to be regarded as conſtant and immurable. | 

Air conden- But in what manner, or to what degree ſoever, this Air has been condenſed 


— by the utmoſt power of Weights, it has always remained, even in that condition, 


very fluid; for after it has been contracted into the greateſt denſity, it has con- 
ſtantly reſtored itſelf again in all its Particles, with the ſame facility, fo as to fill up 
exactly the former Space; all the Particles retreating with the ſame eaſe with 
which they before came together. Since, therefore, by every Experiment that 
has been hitherto made, this property has been always found to take place from 
1 to 320, ooo, we may fairly aſſert, that the Fluidity of the Air, in all the large 
compaſs, from the moſt rarified, to the moſt condenſed, remains without altera- 
tion; and that therefore it is neither capable of being conſolidated by the in- 
tenſeſt Cold, or the greateſt degree of compreſſion. 


The ha- But nothing now in this elaſticity of the Air ſeems a greater paradox to 


27 perſons not Maſters of this affair, than what Mr. Boyle has evinced with ſo much 


Air of equal certainty; Viz, that the elaſtic Power which prevails in any particular portion 

debe of the Air, can, without any greater condenſation than what is owing to the 

Body, compreſſing Air itſelf, ſuſtain all the force of a whole column of the incumbent 
Atmoſphere: And ſecondly, that this elaſt ic Power, in ſuch a very ſmall por- 
tion of Air, can, by expanding itſelf, repel the Bodies which compreſs it, with as 
much force, as that which is exerted by the whole external Body of Air. The 
truth of theſe aſſertions, I prove to you by the two following clear and eaſy 
Experiments that are borrowed from Mr. Boyle himſelf. You ſee this Baro- 
meter, which contains in its hollow Tube, Mercury elevated to 28 inches, the 
lower part of which is immerſed into the Mercury contained in this cylindrical Veſ- 
ſel. And you ſee likewiſe, that this Veſſel is ſo contrived, that by means of a little 
Cock, all intercourſe between the external Air, and that little Portion which is 
in the Veſſel above the Mercury, may be cut off at pleaſure, If now I ſo turn 
the Cock, as that neither any of the external Air can get into the Veſſel, nor any 
of the Air in the Veſſel can get out to the external Air, then we are ſure, that 
the external Air can no longer act upon the Air in the Veſſel; and that 
only the Air which is incloſed in the Veſſel above the Mercury, can preſs upon 
the Surface of the Mercury in the Barometer. And you ſee evidently, that the 
height of the elevated Mercury is exactly the ſame as it was juſt now, when the 
weight of the whole Atmoſphere preſs'd upon it. That elaſtic Power, there- 
fore, which is in the little portion of Air contained within this Veſſel, can ſuſ- 
tain as great a weight of Mercury, as the whole incumbent Atmoſphere, But 
if you pleaſe to obſerve again, you ſee, that while Iam heating the Veſſel re- 
maining juſt as before, the Mercury in the Barometer riſes higher and higher 


every 
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every moment. How comes this to paſs? Why thus: The Air incloſed in the 
Veſſel cannot make its way out; by the action therefore of the Heat upon it, 
it acquires a greater degree of Elaſticity, expands itſelf, preſſes with more force 
upon the Surface of the Mercury, and by this means makes it aſcend, Nor 
does it at all ſignify, how little a 1 of Air is contained in this Veſſel 
above the Mercury; for the effect of the elaſtic, or heated Air, will in this 
caſe be always exactly the ſame. But in the ſecond place, if this Veſſel, with 
the ſame Apparatus remain ſhut, and is ſo nearly filled with Mercury, as to 
have but a little portion of Air above it, and then a barometrical Tube, open 
above and below, is fixed in the Veſſel in ſuch a manner, that no Air can ei- 
ther get in or out by the ſides of the Tube; then, if the Air in the Tube is ex- 
hauſted with an Air-pump, the Mercury in the Tube will rife to near“ 28 inches, 
in the ſame manner as if the whole Atmoſphere had preſs'd it up into the empty 
Tube. See upon this head Boyle of Mechanical Experiments, Vol. I. Part Il. 
from Page 1. to 24. And this very efficacious power of the Air, the Chemiſts 
ought by all means to have a particular regard to; ſince *tis certain, that in all 
chemical Operations performed with Fire in cloſe Veſlels, this elaſtic force 
produces wonderful, and often very terrible effects; acting with a violent com- 
preſſive force upon the contents, often burſting the Veſſels aſunder, and pro- 
ducing many other ſurprizing events. 


A very little portion of Air, therefore, wherever it is cloſely confin'd, is Hence the 
ſmalleſt por 
tion of Air 
is equal, in 
its elaſtic 
force, to a 


capable of producing the very ſame effects, as are owing to a very large quan- 
tity in another place. For if any portion of common Air is perfectly intercept- 
ed within a cavity that is eaſily compreſſible, it will there ſuſtain, and from 
that place wholly keep out the large preſſure of the Atmoſphere. And whenever 
the Air in that place is heated by Fire, or freed from its external preſſure, it im - 
mediately, by expanding itſelf, becomes ſo rare, as to produce ſuch effects as are 
equal to thoſe of the greateſt Body of Air. 


Another Law, therefore, of the elaſticity of the Air, is this, that when it is Air puifie 
eat, a6 

on 1 

greater claſs 


condenſed in a certain and determinate degree, it acquires by the application of 
Heat, a greater power to expand itſelf on all ſides, than it had before. And 


265 


this power of rarefaction ariſing from the Heat, is the very ſame, as if that tie foros. 


Air had been made ſo much denſer in the degree of Heat in which it was be- 
fare, The thing will be evident by an Experiment. For if in the caſe, and with 
the Apparatus laſt exhibited, the Air in the Veſſel ſuſtains the Mercury in the 
Barometer to 28 inches; then if the Air in this Veſſel was made twice as 
denſe, it would raiſe it up to 56, as the Experiments of Mr. Boyle demonſtrate. 
But now if the former Air being ſtill cloſely confined within the ſame 
Veſſel, is by the application of Air made twice as rare as it was before, then 
would that Air, tho? the very ſame in quantity, but thus rarified, elevate the 
Mercury likewiſe to 56 inches. This is a truth, which the Thermometer and 
Barometer, being tried together, have, in every variation of the Experiment, 
molt certainly evinced. And thus by the application of Fire to Air, there 
ariſe a great number of very ſurprizing chemical effects which could not be fore- 
ſeen, which cannot be aſcribed to any other cauſe, and which ought to be ve- 
ry accurately taken notice of. 


This is only true, when the Veſſel which contains the Mercury is very large, with reſpect to the 
capacity of the Tube, the height to which the Mercury riſes being always dificrent, as the propo.- 
uon betwixt thoſe two is varied. a 
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Fire rariis This augmentation of ſpace now, into which the Air, by means of Heat, ex- 
33 pands itſelf on all ſides, is effected by Fire ſooner in the Air, than in any other 
any other Body, either Fluid or Solid, hitherto known in the Univerſe. In Drebbelius's 
Body Thermometer, an increaſe of Heat, not perceptible without ſuch a contrivance, 
ſhews immediately a/ ſenſible rarefaction of the Air. But, indeed, the whole 
Hiſtory of Fire already delivered, proves all theſe things ſo clearly, that there 
will be no need of the leaſt repetition. : 

And toa It is evident from the ſame Experiments, that of all known Bodies, Air is 
greater de- the only one, which may be expanded by Fire to ſo great a degree. For Air, 
ws by the application of Fire, becomes ſo rare, that neither the meafure, or li- 
mits of ſuch its dilatation, has been yet diſcovered. The Heat of boiling Wa- 
ter expands the Air to a third part of its bulk. Hiſt. de P Acad. Roy. des Scien. 
1699. p. 101. In the Heat then which is capable of fuſing Iron, certainly this 
expanſion of the Air muſt be immenſly great. But I reter you to what I have 
already delivered upon this head in the Hiſtory of Fire. | > On 
Air of the We find, likewiſe, that Air of unequal Maſſes, but the ſame denſity, is al- 
me cnbty ways expanded in the ſame meaſure by the ſame degree of Fire: So that theſe 
fi Hens expanſions in the ſame denſity of Air are, by a conſtant Law of Nature, always 
_ expandedt9 proportional to the augmentations of the applied Heat. Hence, therefore, 
the ſame de- . . . | 
gree- if the expanſion of Air of a given denſity, by a certain degree of Heat, is once 
diſcovered, it will conſtantly hold good in all ſimilar caſes. Upon this head 
let me refer you to ſome very curious Obſervations in the Memoirs of the Royal 
Academy of Sciences, 1699. p. 113. and likewiſe in the Memoirs for 1702, from 

the 1ſt Page to the 5th. | fo 
The more But with regard to the elaſticity of the Air, this is likewiſe conſtantly ob- 
ſerved, that the more it is condenſed by preſſure, the greater elaſtic force wilt 
dhe greater it acquire by the ſame degree of Fire; and that nearly in a direct Ratio of the 
acquires by denſities: Which very curious property, to the great advantage of Chemiſtry, 
was diſcovered by the very ingenious Monſieur Des Amonions. Hiſt. de P Acad. 
Fix Roy. des Scien. 1702, from the iſt Page to the 5th. Mem. 155. Hence, then, 
tit follows, of conſequence, that a portion of Air that is exceeding denſe, may, 
by means of a very little Fire, acquire the greateſt reſiſting force. If therefore 
it were poſſible, as I mentioned formerly, that common Air could in reality 
be condenſed into a ſpace eight hundred times leſs than what it naturally took 
up, then in ſuch caſe, it might, by being acted upon by the Heat of boiling 
Water, ſuſtain 29600 inches of Mercury; ſince common Air, by the ſame de- 
gree of Heat, will elevate it to 37 : Which immenſe force certainly teaches 
us, that if the fierceſt ſubterraneous Fire ſhould, in the bowels of the Earth, 
be apply'd to Air reduced to 45+ part of its bulk, there would thence ariſe a 
moſt incredible power, vaſtly ſuperiour to all the effects that we are acquaint- 
ed with, This, however, at leaſt, is certain, that if you increaſe the denſity 
of the Air, and at the ſame time augment the Heat that is applied to it, then the- 
elaſtic Power of the Air will always be increaſed in a compound Ratio of both. 
The 2 But on the other hand, now, the leſs the Air is compreſs'd, and ſo ſponta- 
gs if neouſly rarer, the leſs is the elaſtic force that it acquires from the ſame degree 
elaſtic force of Heat. So that Air which by any means is render'd twice rarer, requires twice 
theme de. as much Heat to make it retain the ſame elaſticity that it had before; and 

gee of Fire. thus in any other degree of rarefaction. 

Theſe things the ſame celebrated Author, in the places laſt. mentioned, has de- 


monſtrated 
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monſtrated by the moſt correct Experiments. And hence we. underſtand, that the 
Air in the higheſt regions of the Atmoſphere, will ſcarcely acquire any increaſe 
of its elaſtic force from the molt intenſe Heat, but on the contrary, will become 
here almoſt unactive, on account of its exceeding rarity ; which anſwers, too, per- 
fectly to Obſervation, . | | | 

The laſt Law which we diſcover in the elaſticity of Air, is, that it is con; Air is con- 
trated into a ſmaller ſpace by Cold, as it is by an increaſe of Weights. Hence _ 
its denſity is always increaſed in proportion to the augmentation of the Cold. 
Since therefore the intenſeſt degree of Cold in the northern parts of Europe, was 
diſcovered to be at O in the Fabrenbeitian Thermometer, hence by deſcending 
from the degree of Heat in boiling Water in this Inſtrumentdown to O, the effect 
of Cold in condenſing Air was known likewiſe. And as ſince that, an artifict- 
al Cold has ſunk the Spirit in the Thermometer to 40 degrees below O; the 
power of Cold on Air, in increaſing its denſity, is now demonſtrated. We diſ- 
cover, therefore, that there is not a Body in the World, the dimenſions of 
which are more contracted by Cold, than the Air. 

If we recapitulate now, what has been ſaid, we find the ſum of the matter to How fa 

be this. If the Atmoſphere being according to Fabrenbeit's Thermometer 46 
degrees hot, has its Heat ſtill farther increaſed by 166 degrees, it will then 
acquire a Heat of 212 degrees, which will make Water boil : But then the Air 
will become one third rarer, according to the Experiments of Des Amontons. 
A. Heat therefore of 166 degrees, expands the Air one third. But now, if 40 
degrees of Cold are added to 212, the ſum 252 will be the diſtance between 
the greateſt known Cold, and the Heat of boiling Water; within which diſ- 
tance, therefore, the Air is condenſed to 22, or about one half of the whole. If af- 
ter the ſame method of computing, we ſuppoſe the greateſt Heat of the Atmoſ- 
phere, in the open Air, and from natural Cauſes, ever to have reached to go 
degrees, which I ſhould think has been rarely obſerved ; then it appears, that 
the rarity or denſity of the Air, from the ſharpeſt natural Cold, to the in- 
tenſeſt natural Heat, may be increaſed or diminiſhed to 45, or about 3. And 
hence it is manifeſt, what alterations in Nature are brought about by the Air, 
conſidered only, as it is changed by natural Heat and Cold, whilſt it ſur- 
rounds and reſides in Bodies; the knowledge of which, certainly, will here- 
after be of the greateſt uſe in accounting for fermentation, or putrefaction. 
The greateſt diſtance, now, which Mr. Boyle diſcovered between the rareſt 
and the moſt denſe Air, he computed to be as 1 to 520, ooo. 

In the laſt place, this elaſticity of the Air is ſo proper to it, and inſepara- The clavi- 


| 2 f the 
ble from it, that it is not to be deſtroy'd by the intenſeſt Heat; as appears Al not to 


by the following Experiment. Take a ſpherical Glaſs with a ſlender neck, be 4eftoy's 


put it into a Glaſs-houſe Furnace, and hold it to a part ſo hot, that it is juſt * 
ready to melt, and in that Heat let it be hermetically ſealed; then take it out. 
and ſuffer it to cool Iciſurely, and whilſt it is yet whole and clos'd, immerge 
it in cold Water, and cautiouſly break off the top of the neck under the Wa- 
ter, and you will ſee the Water will be forced into the open neck with a very 
great impetus, and will fill the Glaſs, but with this limitation, that in the up— 
per part of the belly of it, there will be ſome true elaſtic Air, thus evident- 
ly ſhewing, that the elaſticity, by ſo intenſe a Heat, could not be deſtroy'd. 
And in this ſame Experiment, by weighing the Glaſs quite filled with Water, 
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and then weighing it again filled with Water and this Air together, we may diſcover 
the expanſion of the Air in that Heat, in which Glaſs is ready to melt. Hence the 
Chemiſts might know what changes may be expected in their Operations, 
when Bodies full of Air are committed to ſo ſtrong a Fire: Yet all theſe are 
things but rarely thought of, tho? it very much concerns Operators to have 

„ 3 CLI | 1 

Nor any In a word, ſince after the greateſt rarefactions from 1 to 520,000, and upwards, 

@her way. and the like reciprocal condenſations; after the application of the moſt piercing 
Cold, and the intenſeſt Heat; after the greateſt compreſſure and relaxation; and 
after the Experiments continued for fo many years, as beforementioned, this elaſti- 
city remain'd perfect, and without diminution, we may very probably conclude, 

that the Air in this reſpect, is created ſuch an Element, as by means of its 

immutable elaſticity, and mobility, is eonſtantly vigorous and active, under- 
ing as is were a perpetual ebullition and ſahſultus, penetrating into, and act- 

ing upon all Bodies, and keeping them in a continual agitation. 

Of the con- After having, for the ſervice of the chemical Art, conſidered the properties 

tentz ofthe Of Air, the order of our ſubject requires, that in the next place we ſhould treat 

; likewiſe of thoſe Corpuſcles which are blended and contained in the common 
Air. And theſe, in reality, are incredibly numerous, of various natures, and 
perfectly different in different parts of the Atmoſphere. Rightly, therefore, 
to conceive of the Air, is to conſider it as an univerſal Chaos, in which Cor- 
puſcles of almoſt every kind being confounded together, make a compoſition, 
conſiſting of the moſt different parts. *Twill be our buſineſs to give you a parti- 
cular account of them, that we may be able to make juſt concluſions concern- 
... ee 200k 

In the firſt In the firſt place then, in the common Air, there is always and every where 

Fre n l,. Fire, This has been ſhewn already in our Hiſtory of Fire; where likewiſe it 

der Ten, has been demonſtrated, by every trial of the Thermometer, that Fire reſides in 

the common Air, in the ſame manner, and in the ſame quantity, as it does in 
any other Body whatever. Nay farther, and it there exiſts, juſt in the ſame 
quantity as it does in the Vacuum of Torricellius or Boyle. This J learnt evident- 
ly from the Thermometer, by comparing one that was in an exhauſted Re- 
ceiver, with another that was in the common Air. And this Experiment 
I have repeated frequently, after different methods, but always with the ſame 
ſucceſs. And hence I was fully convinced, that Fire of itſelf, and without any 
other cauſe intervening, exiſts in Yacuo, the Air, and every other kind of Bo- 
dy in the ſame quantity, and with the ſame activity; and that therefore this 
rule was again confirmed, that Fire is diſtributed as the ſpaces in the Univerſe. 
Hence, too, I diſcovered likewiſe, that after all the Air in the Vacuum of Tor- 
ricellius, and almoſt all of it in that of Mr. Boyle, is extracted out of any ſpace, 
Fire never then makes its way into that Vacuum, ſo as to fill up the ſpace de- 
prived of Air. For if this were the caſe, then there would of courſe ariſe a 
greater Heat from the accumulated Fire in this Vacuum; and conſequently, a 
very ſenſible Thermometer, would give ſome indication of ſuch increaſe: Or 
at leaſt, you muſt be obliged to allow that there is Fire there, that is not capa- 
ble of expanding Bodies, which to me is the ſame thing, as if you ſhould ſay, 
that Fire is not Fire. Whatever, therefore, the Followers of Deſcartes, and 
others, have commented upon this ſubject, their reaſonings have never been 


found 


found to anſwer to any Experiment. And again, ſince Bodies that under the fame 


ſurface contain the greateſt quantity of corporeal maſs, or the moſt denſe of 
all, as Gold, and Spaces the moſt empty, as the Vacuum of Torricellius, of 
themſelves poſſeſs perfectly the ſame degree of Heat, it follows very evidently, 
that neither Bodies, nor Vacuums have any power of attraction with regard to 
Fire. And as I have in a former Diſcourſe proved, by undeniable arguments, 
that no one Body is naturally more attractive of Fire than another, it follows, 
that no part of the Air is more or leſs hot on account of its being replete with 
different kinds of Bodies. Fire, therefore, of itſelf is always very equally 
diſtribured through the Air, conſidered alone, and without the intervention of 
any other cauſe; nor are there in the Air any Magnets to Fire. In the mean 
time, however, an infinite number of cauſes may ariſe, and be applied to the 
Air, by means of which there may happen in the Air a collection of Fire, 
ſcarcely to be determined in any particular place. Of which matter I have 
2 already in our Hiſtory of Fire, and ſhall have occaſion to ſpeak again 
ereafter. | | | 


In the ſecond place, there is Water contained always in the Air, and in eve- And Water 


ry part of it, and that in ſuch a manner, that it does not appear that it can 
be wholly ſeparated from it, by any contrivance whatſoever. Does there not 
a watery Vapour -perſpire continually from every healthy perſon? Does not 
Sanforius compute, that in the ſpace of one night and day there exhales from 
a man in health nearly the weight of 5 pounds, much the greateſt part of which 
is Water? Conſider then, I beſeech you, what a vaſt quantity of aqueous Steams 
muſt be continually exhaling from the animals of all kinds, that are ſcattered all 
over the Earth; and that all plants, likewiſe, ſend forth a dewy, aqueous Va- 
pour, is a thing that has been long confirmed by obſervation : But the very in- 
duſtrious and ingenious Dr. Hales has lately, in his curious treatiſe of Ve- 
getable Statics, reduced the vaſt quantity of aqueous Vapours exhaling from 


Plants to computation. Why ſhould I mention the Water, that by means of 


ſubterraneous, culinary, private, and chemical Fires, is continually forced up 


into the Air? What the incomparable Halley has delivered upon this head is 


ſufficient. From the obſervations which he made with the greateſt care, and ac- 
curacy, it has long been certain, that from the ſurface of the Mediterranean alone, 
in the ſpace of a ſummer's day, there exhales by means only of the the æſtival 
Heat, without any aſſiſtance of Wind, 52, 800, ooo, ooo tuns of Water. See 
the Phil. Tranſ. Vol. Il. p. 109. And the Wind and Sun raiſe up and diſperſe 
from the ſurface of that Sea, ſtill a larger quantity, id. ib. pag. 110. and 111. if 
you compare now the quantity of Fog, Dew, Rain, Hoar Froſt, Hail, Snow, 
and nocturnal Moiſture, that may be collected in the ſpace of a whole year, with 
the Water which in the ſame time, by means of the natural Heat, has exhaled 
into the Air, you will find, that in one year's time, there falls upon, and exhales 
from the Earth, about the height of thirty inches; as the very ingenious Krukins, 
with the greateſt labour has plainly proved in his Meteorological Tables. 
Hence it is very likely, that ceteris paribus there every year exhales into the Air, 
from the whole ſurface of the Earth, the value of thirty inches height of Water. 
And of conſequence, fince the area of the Earth's ſurface is ſufficiently known, 
it is eaſy to compute the immenſe quantity of Water, that is always ſuſpended 
in the Air, | ks, 
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Which ap- And that Water is contained in every portion of the Air, is continually evident 
pears 19 ne to the eye in Mr. Boyle's Air- pump; for there, as the Air, by means of the 
action of the pump, becomes more and more rare, and leſs fit for the ſuſpenſion 
of Water, the inſide of the Glaſs becomes cloudy with a truly aqueous moiſture ; 
the very ſame Experiment thus evidently evincing, that Water does really reſide 
in all parts of the Air, and that as the elaſticity of the Air is diminiſhed, it be- 
comes leſs and leſs capable of retaining it. | 5 
And appears But that there is a very large quantity of Water always, and every where 
alete diſperſed through the Air, appears evidently to the eye in your dry, alcaline, fiery, 
the augment 2 . 
ed weight of fixed Salts ; for if theſe, when they are perfectly pure, are expoſed to the Air, they 
2 fixed Al- will ſpontaneouſly diſſolve, by means of the Water which they attract out of 
it. But that you might have ocular proofs of this yourſelves, I took, three days 
ago, at nine in the morning, two ouncesand one drachm of Salt of Tartar, dried 
in ſucha Heat, that it melted in the crucible ; ſo that there was no Water at all 
remaining in it. I then laid it into this glaſs baſon, which was made age clean ; 
and in this manner expoſed it to the Air, this cold, dry weather, from the 17th 
of January to the 20th, in this place, which is pretty high, and very dry, And 
what now is the conſequence? Why you ſee, upon examining it by the Scale, that 
it weighs three ounces four drachms and a half; and conſequently, that it has 
gained an additional weight of one ounce three drachms and a half. Nay, if 
we thus examine this Salt by a pair of Aſſay-Scales, we find it is every moment 
gaining ſomething in weight. And as there appears ſuch an increment of weight, 
within the compaſs of three days, ſo if it is kept a conſiderable time in the Air, 
the whole of it generally diſſolves into a liquor intirely fluid, pinguious, thick, 
ſomewhat tenacious, and unctuous, and that is almoſt three times heavier than the 
Salt firſt expoſed ; and this Liquor the Artiſts call Oil of Tartar per Deliguium, 
beſides which, there will then remain at the bottom of the Baſon, a very ſmall 
quantity of a white Earth. If now, as has been done, you put this L. iquor 
thus produced by the Salt and Air, into a glaſs Cucurbit, and with an alembic, 
which is a very tedious operation, you draw it to a dryneſs, there will then ve- 
ry pure elementary Water diſtill into the Receiver, and a dry Salt of Tartar, 
arer than it was before, and leſs ponderous, will remain at the bottom of the 
Cucurbit. This Salt, therefore, by being expoſed to the Air, receives from it 
this large quantity of Water. And here we may obſerve, that the Water 
thus communicated to the Salt by the Air, diſſolves it in a very different man- 
ner from what it would have been diſſolved if pure fluid Water had been poured 
upon it; for this dilution in the Air, being flow and ſucceſſive, by the application 
but of a very ſmall quantity of Water at a time, diſſolves only the pure alcalious 
Salts that are eaſieſt of all diſſolved, and therefore moſt nicely ſeparates this part 
from the reſt that is diſſolved with more difficulty, that is, that is ſomewhat more 
terreſtrial ; which cannot be effected in any other manner. And hence it comes 
to pals, that by ſuch a diſſolution, and coagulation, this whole Salt is at length 
converted into an Earth, and a volatile principle, which diſappears, and is ſcarce- 
ly perceptible afterwards, This Yan Helmont knew very well, and other Al- 
chemiſts had come to the knowledge of it long before him. In this Experi- 
ment, now, it appears to me particularly ſurprizing, that the very moment, 
as it were, that this Salt is taken out of the ſtrongeſt Fire, and expoſed to the 
Air, this humectation and diſſolution, commence, and the increment of weight, 
: perceptible 


Theory of the A RT. 


perceptible by the ſmaller balance, is begun, and from that inſtant, increaſes 
every moment. And this, which I have very often beheld with aſtoniſhment, 
has happened even while the Salt has continued exceeding hot, and been de- 
tained in a place too, which itſelf was very much heated by being near enough 
to the Fire; ſo that I could not, with the utmoſt care, keep off the Water of 
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the Air from the Salt. And again, now the weather is ſo cold, and dry, that 
the 1 of the Barometer is twenty nine inches and a half, I ſet the Salt with 


this Baſon in a place, walled on all ſides with a very cloſe timber covering 


over head, which is always cloſe and ſtill, and into which no Wind can enter, 


and you obſerve the effect is the ſame. But there is yet another thing more 
to be obſerved, in this wonderful attraction of Water from the Air into a 


dry alcaline Salt, which, ſome years ago, a good deal engaged my attention. 


J wanted a very acrid, dry, fixed, alcaline Salt, in order to demonſtrate to 
ſome perſons, who would not believe it, nay, who even denied the poſſibility 
of it, that there might be a Tincture produced in an inſtant from that Salt, and 
pure Alcohol; a truth, which ſome famous chemical Authors have in their 
writings proſcribed as a fiction. This Salt, then, rightly prepared, glowing 
hot, and as yet in fuſion, I poured into a very hot braſs Mortar, and with a 
very hot braſs Piſtil, rubb'd it as faſt as I poſſibly could, and as ſoon as ever it 
began to come to a conſiſtence, I ſhut it up into a very hot and dry glaſs Bot- 
tle, and immediately ſtopping the mouth of it with a Cog, and a piece of 
Bladder ſoftened with Oil, ſecured it as cloſe as poſſible. And what do you 


think was the iſſue? Why when I came to try the Experiment, though I had 


frequently before met with ſucceſs, yet the event at that time would not anſwer. 
Surprized at this, I carefully examined every circumſtance, that might pro- 


duce this variation, and diſcovered at laſt, that the ſurface of the Salt was a lit- 


tle moiſtened by the Air in the Bottle, and that therefore, this being already 
impregnated with Water, the Alcohol could not come immediately to 
If, | | 8 5 | | 

Now whilſt I carefully conſider theſe things, I am clearly convinced, that 
in ſo ſmall a portion of Air as can be contained in a Bottle, which will hold 
but three pints of Water, there is Water enough to- moiſten an ounce of Salt 
of Tartar, and to increaſe its weight. And having repeated the Experiment 
with the ſame ſucceſs, I learnt at the ſame time, that the Water contained 


It makes the 
greateſt part 
of the weight- 
of the Air. 


in that portion of Air, which perhaps is 850 times heavier than the common 


Air, muſt of conſequence make up the greateſt part of the weight, which is 


ſtatically diſcovered in the Air itſelf. For if one eight hundred and fiftieth part of 


the common Air was Water, then the whole weight of the Air would certain- 
ly be owing to the Water alone which floats about in it, and the other parts 
contained in the aereal Maſs, would make nothing towards the weight of it; 
nay, would not, perhaps, gravitate at all. Upon which ſubject I had ſome 
converſation formerly with my good friend Mr. Henry Van Deventer, famous 
| oy. his valuable writings on Midwifry, who told me, he had thoughtof the very 
e thing. | | 
5 now conſiders all theſe Phænomena with attention, muſt certainly 
hence infer one, two, or all three of the following propoſitions, Either, firſt, 


the Air, in all ſtill, cloſe, and ſubterraneous places, muſt be in a perpetual mo-— © 
tion, that by this means it may apply that little quantity of. Water, y_ - 
. | | | iffuſed. 
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quality of 
the Air don't 


diffuſed through its whole Maſs, to the ſurface of the Salt of Tartar, ſo as to 
leave it there; for if a cubic foot of Air contains at the moſt 35 of a pound 
Troy weight of Water, and communicates, within a Veſſel cloſe ſtopt, this Wa- 
ter to the Salt, then it follows, that all that Air muſt ſo revolve about the fur. 
face of the Salt, as that all its parts may ſucceſſively come in contact with it, 
and thus depoſite the Water they contain: Or elſe, ſecondly, we muſt conceive, 
that thoſe Particles of Water, which at one time are diſperſed throughout the 
whole maſs of Air, are at another time ſo moved through that Maſs, as that 
they are perpetually and ſucceſſively now in one part of rhe aerial Space, and 
now in another, til} at length they all happen to meet with that Salt which is 
placed within it : Or, in the third place, we muſt acknowledge, that there is 
a true attractive power between a fiery, fixed Alcali, and Water, fo that like 
two Magnets, they reciprocally attract one another, in the ſame manner, as we 
read in Sendivogius of an Alcali of the Earth, that attracts the cæleſtial Dew, 
in order to a fertile impregnation. Whoever, now, prefers this laſt way of 
thinking, muſt perceive, at the ſame time, that this attractive power 
between the Water of the Air and an alcaline Salt, muſt extend to a con- 
ſiderable diſtance, ſince a very little of the Salt will grow four times as hea- 
vy as it was at firſt, by means of the attracted Water; for an ounce of Salt 
of Tartar, whilſt it is converted into 4 ounces of Oil of Tartar per Deliquium, 
muſt have drawn Tip it 3 ounces of Water. But 3 ounces of Water require 
at leaſt two cubic feet and a half of Air to be diffuſed through in order to 
be attracted into that one ounce of Salt; which Space, with reſpect to that one 
ounce of Salt, is certainly exceeding great. But from all kinds of Experiments, 
it appears very probable, that all theſe three cauſes concur, at the ſame time, 
to the production of the ſame effect. | = 8 
But nothing appears to me more extraordinary in this affair, than that 
whilſt the Water is drawn into the Alcali from the Air, and thus makes 


unite withan Oil of Tartar per Deliguium, which in weight is to Water, as 7 to 5, but to 


% 


At what 


time there is 


the moſt 


HY Water in the 
Air. 


Air, as 1190 to 1: I ſay, that whilſt the Oil of Tartar per Deliquium is thus 
produced, there ſhauld be found in it nothing at all of the aerial Elaſticity ; ſo 


that this Alcali thus ſeparates the Water from elaſtic Air, and unites it to it- 


ſelf, but rejects intirely the aerial claſtic Quality. Hence, therefore, again it 
appears, that Air, free from Water, is very elaſtic ; but on the contrary, 
when it is replete with watery Vapours, it proportionably loſes ſomewhat of 
its praper Elaſticity ; and again, that by means of a great quantity of fixed al- 
caline Salt produced on the Earth, a vaſt deal of Water may bedrawn out of the Air. 
In a continuance of ſerene, and very dry weather, the Air becomes always 
more ponderous, the Atmoſphere heavier, and the Water mounts higher in 
the Air. So that in 'reality there is never more Water in the Atmoſphere than 
at that time, when by reaſon of the dryneſs here below, people generally 
imagine there js the leaſt of all: But the Water, then, is far more widely 
diſtributed, and diſperſed; for you eaſily apprehend, Gentlemen, that the high- 
er from the Earth the Water aſcends in the Atmoſphere, the greater are the 
Spaces into which it is diffuſed, and the farther, conſequently, its Particles 
recede from each other; and that then they exiſt ſeparately, and do not imme- 
diately unite, nor afford any moiſture. But if the Barometer is very high, and 
at the {ame time, thick and ſtinking Fogs appear, then do the watery Particles 


almoſt 
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almoſt always float below along with groſs, unctuous, and ſaline exhalations ; | = 
all which, at that time, will not, in an exact mixture, be equally diſtributed | 1 


or united. But again, when the Barometer is very low, and the weather at 
the ſame time is very hot, and very cloudy, then the Water comes down to 
the lower regions, but in an uniform Vapour, very moiſtning, but not yet pro- 
ducing Rain. From theſe obſervations it is manifeſt, that the Air, when load- 
ed with abundance of Water, often appears very dry, bright, and perfectly 
clear; and that on the other hand, when there is leſs Water in it, it may, | \ 
by the deſcent, collection, and unequal diſtribution of the Water, appear clou- | n 
dy, dark, and very moiſt. And this is demonſtrated evidently in Cucurbits, ___ 
Alembics, and Glaſs Receivers, whilſt Water is diſtilling in them: For if the 9 
Veſſels are kept ſtopt very cloſe, whilſt a diſtillation is going forward, all 5 * 
appears bright and clear, and no ſuch thing as a cloudy Vapour is ſeen; ins 
but as ſoon as ever the Water in the Cucurbit, upon the removal of the Alem- i 
bic, begins to exhale freely into the Air, the whole appears covered with wate- | 4120 
ry, and very thick Vapours, the equable compreſſure being now deſtroyed. _ 
But if in the ſummer ſeaſon, when the weather is fair and very dry, and the Aerial dew, 1 
ſurface of the Earth has been for a conſiderable time parched with a great Heat 
of the Sun, then not only the watery, but other Particles Iikewiſe leſs volatile, HM 
as the oily, and faline, are by the power of the ſolar rays carried up into the | 1 
Air, and fill that part of it which lies neareſt to the ſurface of the Earth. mn 


And ſo long as theſe exhalations are kept in agitation by the Heat of the 104 
Sun, ſo long nothing of them appears to the eye: But as ſoon as the ſolar 5 
Heat, which at three in the afternoon is the greateſt, begins to remit, the 1} 
Air not long after begins to grow cool, tho” the Earth, which retains the Heat 1 
communicated to it by the Sun a thouſand times longer than the Air, being yet 9 
hot, continues to exhale the agitated Corpuſcles; by which means there is et 
collected a white, denſe Vapour, which is cool above, but ſtill continues warm 1 
below. This Vapour, therefore, appears firſt in ditches, and watery or marſhy 17 
places, whence diſperſing itſelf by degrees, it covers the face of the Earth in . 
the evening, and night time, with a cloud conſiſting of this kind of Par- MW 
ticles,” which in the morning is again diſſipated by the Heat of the riſing Sun. 1 
And this is what we uſually call Dew; which appears, from what is here ſaid 10 
of its production, to be a very compounded liquid; ſo that nothing uſeful can "ay 
be aſſerted concerning its proper nature, which would in every circumſtance 1 
hold true. For ſince it is a compoſition of all the Corpuſcles of the Earth, 5 
which are rendered volatile by the æſtival ſolar Heat, exhaling and deſcend- „ 
ing again, and blended and confounded together, it muſt doubtleſs appear, upon Al. 
the leaſt conſideration, to be a perfect Chaos. Nay, and in every particular part 1 
of the Eirth, it muſt be likewiſe of a quite different kind, according to the 11 
various nature of the Bodies in the place where it is produced. In gravel- Wl 
pits, for inſtance, and in high, dry, heathy grounds of a large extent, there is * 
collected but a very ſmall quantity of this Vapour, and that almoſt intirely 1 
watery 3 whilſt that which is collected about ſtanding Waters, Fens, Mar ſhes, +9 
and fat bituminous grounds abounding with putrified fiſh, and other animals, 8 
is perfectly of a different nature, and very often pernicious to mankind, 1 
It is no wonder, therefore, that the Chemiſts, in the artificial reſolution of Dew, * 
have met with ſuch contrary principles, and written ſo differently upon the ſub- N 
* N n ject, 1 
. 8 1 
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And 88 for thoſe who expect to find the Spirit of Life, the univerſal Masſtruum, 
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ject, that you can ſcarcely find two al them that give the ſame account of it. 


the Mercury of the Philoſophers, and the Nitre and Steel of Sendiuogius in Dew, 
they certainly ſcarcely ſeem to have read the works of theſe Philoſophers to any 
valuable purpoſe. That this however is a very ſharp 8 pinguious Li- 
quid, abeunding with a good deal of nouriſhment for Vegetables, I de not go 
about to deny. A Dew too collected in a certain pat of the Earth, has yielded 
by diſtillation a Liquor that impreſſed upon Glaſs the lively colours of the 
Rainbow, which could neither be removed. by friction, an alealine Lixivium, or 
— Fortis : And this Liquor was inflammable, like Spirit of Wine; as appears 
rom the chemical Experiments related in the Republic of Letters, Tom. I. Þ. 590 
And again, diſtilled Dew, digeſted for the ſpace of eight days in Jer Jeat, 
and by repeated diſtylation rendered fix times mare ſubtil, is ſaid to have 
broke three glaſs Veſſels, and to have remained perieQly inſipid; tho? it was ſo 


very thin, that it reſembled pure Spirit. ibid. 1708. p. 152. And farther, in 


The Clouds. 


dos account of their manifold variety, cannot poſſibly be deſcribed, 


the Brito Obſervations, Dew is deſcribed as being like Butter, of a yellowiſh 
white colour, ſoft, melting by being rubb'd upon the hand, and growing dry and 
Sanne by a] 1 TN 8 2 . fmell, 1 Vinter, and in the 
pring, particularly, produced in the night time, in pretty large Lumps. Pbilgſapb. 
Tranſact. Abridg. Tom. II. p. 143. But the nature of Pew u eri ſurprizingly 
various, according te the different diſpoſition of the weather, and according te 
the various and ſueceſſive changes of the meteors in the Air; for hence it comes 
to paſs, that the very minute Seeds of ſma)l Plants, and the inviſible Eggs of the 
imalleſt Auimalcula are mixed with it, together with, an infinite number of other 
things z which being all digefted, fermented, purified, and diſtilled. together, 
yield: at different times principles of very different natures, and hence lead the. 
Chemilts into very extraordinary opinions. See Abridg. Philaſaph. Tranſat. 
Tom. I. p. 441. The principal part therefore of Dew is Water; che reſt, 


” 


That the Clouds are produced in the Air, from almoſt Water alone, there is 
ſcarce any one that doubts, But Water every where equally diſpoſed, is tranſpa- 
rent. Clouds, therefoze, are collected from what is beginning to be Water, but 
the parts of which, in the mean time, are circumvolved among; one another 
with an unequal motion, neither reſting nor moving equably; as I juſt now. 
hinted, If the Water chat is floating about in the Air, now, mounts, 
higher and higher, its particles at length arrive in places ſo. far above the Eanth, 


that they are not any longer much united together, but receding from each 


other, they do not then conſtitute Water, but only the elements of it. But 
when theſe. Elements of Water come to deſcend. again from thoſe upper re- 


gions, and are contracted into ſmaller Spaces, where they aſſociate together, and. 


become a kind of Water, they then form Clouds. The higher, therefore, the. 
Water aſcends in the Air, the ſerener and dryer che weather will be, and the 
freer from, Clouds; and the: contrary, But Water is carried up to a. very 
conliderable height: in the Air; for in Garniela. in the neighbaurhend of Venice, 
there are mountains 10274 geometrical. feet high, on the. tops of which there are 


indications of moiſture, Act. Lip/. 1689. p. 552. And on the higheſt ropsof thoſe - 


Mountains, Nature preſenzs. .o ohr view. perpetual, Sons z, à certain Proof of 
the elevation of Water to ſuch heights. Nay, and over the Mauntain Tas 
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the higheſt in Europe, there conſtahtly about ndon hang Fogs, or little white 
Clouds, Which are daily reſol ved into Water, which flows in ſuch plenty down 
the mountains, that it ſupplies the place of Showers, and waters the whole 
IMand, without Rain, 47, Lip. 1691. p. 98. We are certain, therefore, 
chat Water᷑ aſcends to ſueh a height. But had we ſufficient obſervations to confirm 
the account Maignas of Thoulonſe gives, in his treatiſe of Perſpective, p. 93. of the 
wonderful Pbanomenon, Which he ſays he had obſerved, the aſcent of the Water 15 
in the Atmoſphere would be found to be abundantly higher: For he tells us, 
that in a very clear night, and that at midnight too; there appeared in the 
month of Auguſt, an exceeding bright little Cloud, which ſpread itſelf almoſt 
as far as the Zenith, or vertical part of the Heavens; and ſays, that Riccius 
obſerved the ſame thing, in the neighbourhood of Rome; and from theſe Ob- 
ſervations he infers, that Clouds may be elevated beyond the projection 
of the Eafth's Shadow. But this projection, now, if aſtronomically comput- 
ed from the given time and place of the appearing Cloud, would give a pro- 
digious diſtance from the Earth; and hence, perhaps, that appearance was 
rather to be aſcribed to ſome other unknown cauſe, reſiding in the upper re- 
gions of the Air, and exceedingly lucid, ſince on the tops of the higheſt moun- 
tains, there are rarely obſerved any Clouds, but on the contrary, to a ſpecta- 
cor placed there, they appear below him, towards the Plain. 05 
The lower Air being full of Water, begins to unite the Elements of Wa- Small Rais. 
ter cloſer together, and by this affociation to form very little drops, which 
falling down, produce a ſmall Rain, for the moſt part thick, but deſcending 
with no great force, For the leſs theſe drops are, the greater ſurface they 
contain, in reſpect of their quantity of Water, and conſequently are the lefs 
able to deſcend ſwiftly through the refiſting Air. my 
Bat when the Water in the upper regions of the Atmoſphere is collected creatshow: 
together, and thereupon becomes heavier, and begins to deſcend ; then, by e 
gradually coming down into ſmaller fpaces, it continually unites to it the Yther 
Particles of Watef which it meets with in its fall. By this means, therefore, 
are produced thoſe very large drops which in Europe have been obſerved to 
have been three lines in diameter, but among the Negroes, a whole inch, 
At. Lipſ. Suppl. T. 425. which Drops containing a great weight of Water 
under a leſs Surface, ruſh more violently through the Air, and fall to the 
Earth with a mighty impetus. The higher, now, the place is from which 
ny fall, the larger the Drops are, and fo vice ver/a; for it has been always 
erved, that the Rain, in the upper part of à high mountain, is the ſmalleſt, 
but that, as you gradually deſcend, it forms larger and larger Drops, till at 
the foot of the Mountain it produces the largeſt of all. Hence it comes to 
paſs, that the hardeſt Showers happen in Summer, when the Water, being 
driven rapidly downwards on à fadden, cauſe thunders, lightnings, and tem- 
peſts. And hence, likewiſe, the Drops of the Showers, in Summer time, are 
uſually larger than they ate in Winter. Laſtly, obſervation has made it very 
certain, that Rain, in every part of the Atmoſphere, is there the ſmalleſt, 
where it is firſt produced. N = 
But now when the Air, abounding with Water, and waxing cold in the night rings. 
time, is carried againſt the upper parts of high mountains, eſpecially if they are 
diſpoſed in a long range, then ko cold and denſe maſs of Bodies, particu- 
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larly towards the North and Eaſt, during the firſt part of the night, and towards. 
the South and Weſt after midnight, ſtops, cools, and unites this Water of 
the Air, and converts it into a watery humour, which gives riſe to a great ma- 
ny little ria of Water, which in the higheſt part of the mountain are ſmall, 
but as they deſcend, and are joined with one another, become larger, and by 
this means produce a perpetual trickling down the mountain, and afford an in- 
credible quantity of Water, which runs down, and produces various rivulets, 
according to the various channels of the mountain, or the land about it; and 


when theſe by ſubterraneous paſſages deſcend from a high part of the mountain 


to any part of the declivities, and there burſt through outlets, and ſo diſcharge 


their ſtream, they then yield a pure Water, either falling right down, or bub- 


bling up from a ſpring. And here it is very eaſy to conceive, that, accord-. 
ing to the different height of the ſprings, in reſpect to the outlets, the play- 
ing of the fountains muſt be various. And hence, likewiſe, it is eaſy to ac-. 
count for the variety of ſprings, both in the quantity of Water, and every, 
other circumſtance. And hence again it appears farther, how it comes to paſs, 
that there are no ſprings, but where there are pretty high mountains, and that: 
whereſoever theſe are, there likewiſe are obſerved ſprings: The truth of which. 
appears no where with more evidence and beauty, than in the fortunate valley of, 
Caſſimire, mentioned by Berner, in his Deſcription of the Empire of the Great: 
Mogul. 1 8 | 
Tenia, whereſoever there are fuch Mountains, and Springs, there the Water,. 
after running down from the Mountains, or perpetually bubbling up from the 
Springs, is diſcharged into Rills or little Currents, continually. lowing, but for. 
the moſt part with a gentle courſe at their heads. When afterwards. different, 
currents join their courſes together, the ſtream becomes ſtronger, and being 
continually augmented by Rivulets which diſcharge themſelves into it, in a 
ſhort time produces a River. This again, not long after, being ſtill as it. 
paſſes augmented in ſtrength and quantity by the acceſſion of other ſtreams, 
forms a River ſtil] lowing with a more rapid courſe, always tending from the 
higher to the lower ground, and at length diſcharging itſelf into the Sea, from 
which it never returns again; whoſe contents, however, in the whole, are by. 


this means never increaſed, inaſmuch as what it receives by the diſcharge of 


the Rivers into it, it gives up again continually by exhalation. Sometimes it 
happens likewife, that the rapid torrents of Rivers fink: down into paſſages un- 
der the Earth, diſappear, and riſe up again in ſome other place. Hence it 
comes to pals, that in flat countries, where there are no Mountains, or Springs, 
there are never formed any Rivers. And for this reaſon, the ſupreme Wiſdom 
has thus diſtributed Mountains throughout the whole Earth, that they might. 
be beneficial to mankind, by producing theſe collections of Water. And 


hence, laſtly, all the World over, the courſes of Rivers anſwer the order or 


rangings of the Mountains. Upon this ſubject, let me refer you to the diſco- 
veries of the incomparable Halley, in the Britiſh Philoſophical Trauſactions, which. 
he truly has a right to the merit of. All theſe things now, it concerns us to be. 
particularly acquainted with, who are proſecuing the ſtudy of the chemica] Art, 
in which there is almoſt a perpetual neceſſity of conſidering the variety of the 
qualities of Air and Water. And theſe Obſeryations will likewiſe be of fingu- 
lar uſe in our following Treatiſe of Water. = 
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By all that has been hitherto ſaid, however, it does not appear certainly, There ise- 


| how great the utmoſt height is, to which Water can aſcend in the Atmo- Water uche 


ſphere : But this, at leaſt, in the mean time, we are abſolutely ſure of, that on Air: 
the top of the higheſt Mountain on Earth, there never is any Air without ſome 
Water in it, ſince the top is always found moiſtened with humid Vapours. 
And hence it is evident, likewiſe, that it is not poſſible, by any manner of 
Art, to make uſe of Air in our chemical Operations, in which there is not 


contained Water. Perhaps, indeed, from a given quantity of Air pent up ve- water fe- 


ry cloſe in a dry glaſs Veſſel, all the Water may be drawn out: For if ſome nie from 


the Air che- 


Salt of Tartar, coming as hot as poſlible from the Fire, is reduced to a fine mically. 
Powder, and thrown very dry into this glaſs Veſſel, and the mouth of it is im- 
mediately ſtopt cloſe; then this exceeding dry Alcali will attract into it all the 

Water that is contained in the included Air: But then, no-body can apply this 

Air to any chemical Operations; becauſe as ſoon as ever the Veſſel is opened, 

this dry portion of Air mingles again with the common Air, and is immediate- 

ly moiſtened by the Water which that was filled with. 


But farther, we are aſſured from undeniable Obſervations, that the higher Water in the - 


the Water is carried into the Air, the farther it diſunites its parts, diſperſes biebeſt pla. 


ces becomes 


them through wider and emptier ſpaces, and at the ſame time grows colder. Ice, or ceaſes - 
For upon examination it has been conſtantly found, that in every part of the “be Water. 


habitable World, the Heat ceteris paribus is greateſt at the Surface of the 

Earth; and that at the very ſummits of the higheſt Mountains, a freezing cold 
preſerves a perpetual Snow. This is true, even at the Equator and in the Torrid 

Zones: So that there is not in the hotteſt part of the Earth a Mountain very 
high, whoſe top is not exceeding cold. Nay, and the cold increaſes gradually, 

as you aſcend from the foot to the ſummit of the Mountain, in ſuch a manner, 
that the increment of Cold is always proportional to the increaſe of height. 
This is an Obſervation that will always hold true, if all other circumſtances- 
are alike. When Water, therefore, aſcends to ſuch a height in the Air, that 
it meets with a freezing Cold, it muſt neceſſarily be congealed into Ice, unleſs» 
its Elements are ſo ſeparated, that none of them touch one another; for ſo- 
long as the Particles of Water are there diſperſed from one another, ſo long 


there will be no appearance of Ice: But as ſoon as ever in this high and cold . 


region of the Air, theſe Elements begin to come into mutual contact, then 
they begin likewiſe immediately to be congealed into little icy Glebules, which 
float up and down through the clear Air, and falling upon the Surfaces of the 
Bodies they meet with in that region, produce a very fine hoar Froſt, but other- 
wiſe are ſcarcely perceptible. In the Atmoſphere, therefore, there is an Orbit 
concentrick to the Earth, in which the Water of the Air, when it is carried up 
to that height, is always frozen if it is united together. And the higher it is 
elevated above this Orbit, ſo much the ſooner and harder it will be frozen. But 
at the ſame time, however, it is not improbable, that when the Water arrives 
to ſuch a height, its Particles will be ſo much the leſs united, and therefore, 
will rarely be congealed, but on the contrary will float about ſeparately, 'till 
ſome other cauſe ſhall happen to unite them together, and by this means form 
them into Ice. | e Ew: oj 
When the Water, therefore, in the Orbit juſt mentioned, is congealed, then Hence 
by an adunation of a greater weight of Water under a leſs Surface, it _ * 
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likewiſe immediately become heavier, by which means, it will of conſequence 
begin to fall downwards, and thus deſcending into ſpaces that are ſmaller, and 
are more replete with Water, will affociate to itſelf other watery Particles, and 
ſo gradually form larger icy concretions, which will now put on the appearance 
of Snow, or ſmall Hail. But as there may be a great number of cauſes, and 
thoſe perfectly different ones too, by means of which, the Elements of Water, 
that were before ſcattered in the upper Air, may on a ſudden, and in a very 
large quantity, be brought into contact with one another in the icy region of 
the Atmoſphere ; hence you eaſily apprehend, that conſiderable pieces of Ice 
may in a pretty ſhort time be there produced. 
But theſe icy Bodies may in like manner be collected together; and when 
this happens, there will appear little Clouds, high in the Air, and white by 
means of the reflection of the Sun, which ſuddenly falling downwards with a 
mighty velocity, ſeem to increaſe very faſt in their magnitude, and ruſhin 
from on high upon other like Clouds, by that collifion produce Thunder, Light- 
nings, Tempeſts, ſhowers of Rain and Hail, which are always the more vio- 
lent, the higher the place is from which they fall. And hence it comes to paſs, 
that in Summer time, when the Weather has been long clear, the lower Air 
very dry, the Atmoſphere heavy, and the Water therefore in it carried up to 
a very great height; then the Atmoſphere being on a ſudden rendered lighter, 
there uſually very ſoon follow the Phenomena we have juſt mentioned, eſpecial- 
ly between the Tropicks, where, if a little white Cloud appears very high in 
the Air, it is a ſign that a terrible Storm is juſt at hand, And it is exceeding 
probable, that the Hail, which is always formed in the upper and colder regi- 
ons of the Air, as it deſcends by its weight into the inferiour and warmer ones, 
is there diſſolved by the Hear, and produces thoſe great ſhowers of Rain, 
which accompany, follow, and put an end to Thunder and Lightnings. But 
if the Hail happens to be ſo ſwiftly brought down through the Air, as that by 
reaſon of its quick deſcent it cannot be melted, it then falls to the Earth in form 
of icy Stones, which often, by their ſize, weight, and motion, do a great deal 
of miſchief. In the Abridgment of the Philoſophical Tranſactiont, N. II. p. 144. 
| we have an account of ſome of theſe that weighed a full pound. 
Thunder This certainly we are aſſured of by Obſervation, that Clouds of a very white 
and Licht- colour, to which there preſently ſucceeds a pitchy blackneſs, terrible Thunder, 
' Lightning, and Tempeſts, are always accompanied with Hail. And hence I 
imagine, you will be more ready to believe, that the cauſes here aſſigned for 
theſe Phenomena, are the true ones, than to come into the opmion of Dr. Hook, 
concerning the concretion of Hail in the courſe of its defcenc ; which you may 
Jee in his Poſthumous Works, in the Life of the Author, p. 24. And hence 
it may likewife be queſtioned, whether, for producing even the greateſt Thun- 
ders, and Lighenings, Nitre and Sulphur are always neceſſary; fince the very 
violent colliſtioa of hard Ice ſuffices, perhaps, for the ſtriking out a vaſt quan- 
tity of Fire; doubtleſs, it is ſufficient for producing the loud peals and rum- 
blings of Thunder. Eſpecially, if we likewiſe conſider, that the Fire of the 
Sun, by its heat, reflexion, and refraction, can act in infinitely different ways, 
upon the aqueous congealed Matter, we are here ſpeaking of. If this then be 
taken into the conſideration, what variety of Colours, what diverſity of Fi- 
Sures, and what difference of Dimenſions may we not ſuppoſe to happen in this 
aerial Ice? 1 But 


And Hail. 
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But amongſt the principal cauſes that are concerned in the production of The Cult. 

ſach extraordinary and various Phenomeza ſo ſuddenly produced in the Ait, ian.” 
which before was calm and ferene, we have a particular regard to the di- 
minution of the weight of the Atmoſphere, Fer the Water always begins ſpon- 
raneouſly to ſeparate itſelf from the Air, when it becomes lighter, and thus 
diſcovers itfelf, tho“ before it did not appear. In the next place we imagine, 
that the Bodies of Air which are driven from: oppofite quarters, often ſtrike 
againſt one another, and by this collifion, very quickly unite: together 
the Elements of Water, which before were floating about ſeparately. Some- 
thing likewiſe may perhaps be owing here to the various Aſpects of the Pla- 
nets ; not to mention the efficacy of the Winds, and the viciflitudes of Heat 
and Cold towards theſe productions. Every one af which ſeparately, or all of them 
together, may eaſily enough. bring about the effects we have mentioned, wich 


ye 
On the other hand, now, if we have a mind to turn our Eyes ta the cauſes Cauſes that 
which: mingle Water with the Air, and carry it up into it, we hall find there un Warr 
are a great many. The principal, however, of. theſe, is the Sun, the direc- Air, 
tion of whoſe Rays upon the Water, the nearer they approach to a perpendicu- 
lar one, the more Water they always carry up into the Air. Upon which head 
conſult the Obſervations of Dr. Hailey, which I have already cited in their pro- 
per place. Another cauſe wonderfully: aſſiſting the foregoing, is the ſubterrane- 
ous Fire, which is always in action, never at reſt. For it has been e vinced by 
Obſervations, that in Mines funk loweft, or in the deepeſt Wells, you 
come to: a depth in which Water never freezes, but which continues almoſt al- 
ways of the fame Heat, without any alteration ; as the celebrated! Academy at 
Paris obſerved long ago in the Well of their Obſervatory « hut that as you doſ- 
cend lower, the Hear begins to grow greater, increaſing gradually more and 
more, in proportion to the depth, till at length it becomes ſo ſuffocating, that 
unleſs: it be attompered by the coelneſs of running Water, and the Air that 
is thence produced, it overcomes the Miners. And we fee likewiſe, that in 
Winter time, when the Water is covered with Ice, and the Earth with its hard 
frozen Cruſt, if the Ice is broke; or the Earth is opened, both the Water and 
the Earth ſmoke with heat. Nor had the Philoſophers, whom I have former- 
ly heard diſeourſing on this ſubject, any grounds for aſſerting that this was alb 
a fiction, and that it was impoſſible that Fire ſhould: thus exiſt in the boſom 
of the Earth, becauſe it can: neither be ſupplied with a proper Pabulum, or be 
agitated by Air: For certainly we ought to conſider, that by the ſole attrition 
of the condenſed Air, in the bowels. of the Earth, this Fire may be produced 
and preſerved without any other Air or any Pabulum. For ſnhould the Air at any 
vaſt depths under Ground be condenſed ſix hundred times! more than the com- 
mon Air, what effects wou'd it not be capable of preducing ? Incredible ones 
without diſpute, ſince Authors worthy of credit: have declared, that Air, for- 
cibly- compreſſed” in an iron Tube, has grown warm there, It is not to be 
queſt ion d, therefore, but that; in the deepeſt parts of the Earth, where the Bo- 
dies are compreſe'd by the prodigious weight of thoſe which. lie above them, the 
ſmalleſt attrition mutt produce the greateſt Heat. And hence as the action of 
this. Fire is perpetual; ſo likewiſe muſt be the effect of it too, viz. a conti- 
rual exha lation of Water. In tlie third place, we have regard to the very 
great 
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Elements of CHEMIS TRV, Part II. 
great and conſtantly repeated effects of the common Fires, made uſe of by 


Mankind in every part of the inhabited World, in the diſſipation of Water, 


whether alone, or contained in Animals, Vegetables, or Foſſils. For doubt- 
tes, if any one computes the meaſure of this exhaling Water, which ſuch Fire 
carries up and diſtributes through the Air, he will find it to be incredibly: 
great. Again, in the fourth place, the force of a very ſharp Froſt carries off 
from Ice every moment a ſurprizing quantity, ſo that in a little time the Mafz 
is conſumed, being diſperſed into the Air by the cold alone; as the excellent 
Mr. Boyle plainly diſcovered by an Experiment examined by the Ballance. But 
daily Obſervation likewiſe certainly evinces, that by the piercing Cold of a ve- 
ry ſevere Winter, all kind of Bodies are ſtrangely worn away, diminiſhed, 
conſumed, and diſperſed through the Air. In the fifth place, it ſeems probable. | 
alſo, that every_phyſical cauſe, which is capable of ſo diſuniting the Particles of 

Water from one another, as to make every one of them exiſt ſeparately, will 
alſo by this means effect, that thoſe Particles will immediately acquire ſo large 


a Surface in reſpect of their very ſmall weight, that they will be able to float 


about in the Air. And indeed, this ſolution of Bodies into their ſmalleſt parts, 


appears at length ſo to increaſe their Surfaces in reſpect of their quantity of Mat- 
ter, that in every diviſion of them, this aptitude to ſwim in a lighter Li- 
quid is very much augmented, as the Geometricians have long ago obſerved... 
But it is farther diſcovered by. phyſical Obſeryations, that beſides. the gravity 
of Bodies, there is likewiſe. a certain repelling force, which tends to prevent the 
contact of the Surfaces of different Bodies, and which conſequently; is always 


Increaſed in proportion to the augmentation of their Surfaces. Hence there- 


fore it follows, that Bodies very minutely divided, deſcend. on this account 5 
with more difficulty by the force of their gravity, than they would do, if they 


were acted upon by the Law of Gravitation alone. And the action of this 


fecond property of Bodies ſeems particularly to prevent the continual and im- 
mediate deſcent of all. the Particles of Water out of the Air that is about the 
Earth. Sixthly, it ſeems to be the effect of the very ſame property, that the 


Particles of Water may be expanded round the Air contained in them, and thus 
form that ſpherical Body which we call a Bubble. And befides, any other 

Heat, or expanding Spirit whatever, while perhaps it performs the ſame thing, 
may, as well as Air, be always at length capable of rendering Water lighter: 


But when afterwards the Water, being ſo divided into very light ſpherical Bub- 
bles, is carried upwards, then does every Bubble expand itſelf more and more 
continually, and ſo is able to aſcend for a long time, and to keep aloft in the 
Atmoſphere, And hence it is manifeſt, that the Particles of Water may aſ- 
cend to a great height. See Halley in the Philoſophical Tranſactions, 1692. N. 
192. p. 468, c. But in the ſeventh and laſt place, there is no cauſe whatever 
which carries up ſuch a quantity of Water from the Earth into the Air, as the 
Wind; as the ſame admirable Halley has elegantly demonſtrated, and as I myſelf 
have learned from various Experiments, not without aſtoniſhment ;. for having 


expoſed a copper Cyliader full-of Water to the Wind in ſtormy Weather, I was 


ſurprized at the incredible quantity of Water carried off in a little time; where-- 
as when the Wind was down, which happened preſently after, but a very lit- 
tle Water exhaled, tho' the heat of the Weather was till the ſame. For this 
reaſon it ſeems ordered, that pretty high Winds ſhould follow large mw 


: ' 1.1 Theory of the ART. 

of Rain; that by thus agitating the fallen Water, and carrying it up again into 
the Air, they, may prevent its ſtagnating and putrifying, and by this means 
proving deſtructive to the vegetable kingdom. All theſe cauſes, therefore, 


when they conſpire together, are ſufficiently capable of diſſipating Water into 


the Air, and there keeping it in continual motion. 


It we conſider, now, the action of this elaſtic Air, replete with Water, up- 


by means of which it is exceeding penetrating, and is perpetually inſinuating 


4 9 


| | The power 
on the body of a Man, Foſſil, or Vegetable, we ſhall find it brings about very 247 


many, and very wonderful changes. For if we reflect upon its particular fineneſs, on human, 
vegetable, 
and foſſil Bo- 


itſelf into every little ſpace; and if at the ſame time we take into conſideration dies. 


its conſtant mobility, by which tis always kept vigorous and active, it is mani- 
feſt, that theſe qualities being determined upon Bodies by the force of Gra- 
vity, ate capable of producing an infinite number of effects. But the Water 
that is diſtributed through the Air, will likewiſe be ſtill more efficacious, be- 
ing itſelf agitated by the motion of the Air; and by this means it will more 
readily diſſolve the Salts, and the ſaline and ſaponaceous Subſtances of the Bodies 
it is applied to. And as there are very many ſuch parts in moſt Bodies, and 
thoſe parts too are the principal inſtruments of their action; hence you very 
eaſily apprehend, that by means of the application of the Air, the proper ver- 
tues of Bodies may be excited, as far as they depend upon their peculiar Salts, 
and Sapo's: But theſe vertues, as we obſerved juſt now, are often their prin- 


cipal ones. In the mean time, however, the chief alteration induced upon Bo- 


dies by the Water of the Air, is its rendering fixed Salts, and other compound 
Bodies, volatile. This Phenomenon was obſerved by all the chemiſts of old, 
and is conſtantly found to hold true: That is to ſay, all native Salts, if they are 
Tendered exceeding dry by an open Fire, and then pounded and expoſed to the 
Air in a Glaſs Baſon, will there, by means of the Water in the Air, be con- 
verted into a Liquid; and from the perfectly ſaline part there will be ſeparat- 
ed an Earth, which did not appear before. If this faline Liquor, then, thus 
freed from this Earth, is again throughly dried by a large and clear Fire, 
and afterwards. the Salt beaten, and again diſſolved in the Air, it will afreſh 
depoſite fome earthy Fæces. And if by ſeveral repetitions of this ſolution, 
and inſpiſſation, you thus remove all the earth that is every time produced, you 
will at length procure an incredible quantity; but at the ſame time you will have 
nothing elſe remaining; for that other principle, which before, in conjunction 
with the Earth conſtituted the Salt, is by this repeated action of the Water of 
the Air ſo diſengaged from its earth with which it was incorporated, that now, 
exiſting ſeparately, it becomes perfectly volatile, is diſſipated into the Air, 
nor does ever again come within the cogniſance of our ſenſes. Nor has the 
induſtry of the Chemiſts diſcovered this wonderful Metamorphoſis in native Salts 
alone, but likewiſe in the fixed Salts prepared by Fire from Vegetables ; for by 


this tedious operation, theſe Salts are likewiſe reſolved into an Earth, which 


ſerves to fix them, and a Principle perfectly volatile, which is intimately unit- 
ed with it. And theſe reſolutions which are really very ſingular and wonder- 
ful, can be performed by no other means than this very ſubtil application alone 
of the Water diſtributed in the Air, which Art, formerly held a ſecret, being 
now more put in practice, has let abundance of light into the Chemical Art ; 
though at the ſame time it has often too proved of diſſervice to the * 

O o Wo rtiſts, 
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Artiſts, who being quite tired out with the tediouſneſs of the work, have loſt 
in the end both their labour and the thing they were in ſearch of. But again, 
whenever the Air abounds with Water, and is at the ſame time agitated 
by Heat or Wind, then this Water will relax the parts of Bodies ſo ſuddenl 
and fo efficaciouſly as muſt ſurprize every one who is not acquainted with theſe 
things. But by this means, likewiſe, very many bodies are macerated ; and 
others are thrown into fermentation. And as for the putrefaction of Bodies cer- 
tainly, it is ſcarcely more promoted by any other cauſe than the humidity of 
a hot Air, which in a very little time reſolves the Bodies, which are that wa 
diſpoſed, into a putrid, ſanious matter. And for this reaſon the Phyſicians 
long ago aſſerted, that the plague itſelf is generated among Animals, from an 
Air that has been both very moiſt and warm, for a conſiderable time. In ſhort, 
therefore, ſince it ſo diſſolves Salts, and ſaponaceuos and ſaline Subſtances, car- 
ries up all together, diſperſes them about, drives them againſt, and makes them 
penetrate into the Bodies they meet with, it is manifeſt, that by this means it 
muſt apply the particular forces of ſome Bodies to others, and thus brings about 
ſuch actions between Bodies, as hardly ever happen from other cauſes. For 
What elſe appears by the fetid butter-like Dew, deſcribed in the Abridgment of 
the Britiſh Tranſactions, Tom. II. 141; or what elſe by the Salt Rain, obſerved 
at Sea? Journal des Scav. 1683. 435. a | 
Oele cor | Thus far then, Gentlemen, we have ſufficiently conſidered the Air, with re- 
ai, ſpect to its Elaſticity, and the Fire and Water contained in it. We are now 
to regard it in another view, Let us then carefully inquire what other Cor- 
1 puſcles, beſides thoſe we have examined, float up and down perpetually in this 
1 Air. But this is a field of inquiry which has hardly any bounds: For as the Earth, 
* cConſidered in its whole extent, receives every thing that falls out of the Air; 
ſo on the other hand, the Air receives every thing again from the Earth; and 
thus between theſe two elements, there happens, as it were, a perpetual revolu- 
tion and diſtillation of all things. | 
= The native In the firſt place, then, all the parts that we can obſerve in Vegetables, are 
= * continually changing, and diſperſed throughout the Atmoſphere. That the 
Spirits of Vegetables do always, and every where exhale and fill the Air 
with a continual fragrance, there is none of you to be ſure makes the leaſt queſtion. 
And that the Scents ſcattered though vaſt tracts of the Ocean from odoriferous 
Plants, inform the Mariners, before they diſcover Land, of their approach to 
the Shore, you are as well appriſed of. And you know, likewiſe, that theſe Spi- 
rits ſpontaneouſly exhale out of the Bodies, in which they are generated, and 
are ſcarcely to be confined and preſerved, except in Veſſels ſtopt very cloſe. 
Hence, then, it follows, that whatever odoriferous Spirits are at any time by 
Nature produced in Plants, all theſe are, certainly, at length, contained in the 
Air alone. And for this reaſon it is not at all to be wondered, that theſe Spi- 
rits ſhould afterwards return with the Water of the Air, into the Bodies deſtin'd 
to receive them, and that the Air ſhould thus yield up to the Earth what it 
had firſt received from it. In reality, we find nothing in Nature leſs imitable 
by Art, than the fragrant Spirits peculiar to each Plant, which we have in a 
foregoing paſſage called the ſpiritus reffores : But theſe, when they are once 
freed from the tenacity of the Sulphur thatentangles and retains them, always, 
from their own proper nature become volatile, and are diſperſed through the 
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Atmoſphere. How various, then, and how beautiful muſt be the Effects that 
are hence produced? And how wonderful muſt be the grand Metemp/ychoſis or 
tranſmigration that is by this means brought about? Ns 1 
But again, when we conſider, that Vegetables, duly prepared by a proper The fer-. 
fermentation, yield a vaſt quantity of vinous ſpirits, that are almoſt immuta- — 32. 
ble, and of themſelves continually exhaling; muſt we not hence conceive, that ables. 
all thoſe Spirits which have ever been produced from any fermented Vege- 
table whatever, over the whole Face of the Earth, have at length exhaled into 
the Air? And in this view we now look upon this Air again as a Cloud, as it 
were, of Spirits of Wine, In reality, whether Wine be drank by Men, or 
any other Animals, be outwardly apply'd by way of fomentation, or made 
uſe of either in Cookery, or Phyſick, certainly all its Spirits mult ſooner or 
later exhale into the Air, there remain for ſome ſpace of time, and thence, 
at a convenient ſeaſon, return to the Earth again. What wonder, therefore, 
if fermentation, which is the productive cauſe of Wine, ſhould never produce 
Wine, without the free admiſſion of the external Air. Does it not, poſſibly, 
return back again to Places and Bodies the Spirits which it had before 
drawn up, and for this reaſon muſt be always called in to our aſſiſtance, when 
they are to be generated again ? | | 


And finally, all thoſe parts of Vegetables, which the Fire divides into ex- And thoſe | 
ceeding minute Corpuſcles, and converts into a volatile Vapour, the Chemiſts due vs © 
have likewiſe called Spirits; but theſe are likewiſe intirely carried up into the Fire. 

Air, and are continually floating about in it. As the Water of Vegetables, 
therefore, ſo likewiſe all theſe kinds of Spirits are perpetually tending upwards, 5 
But farther, it is certain, that the proper native Oils of Vegetables, do by Au oils alle., 
time, and the natural heat of the Air, at length intirely evaporate; and that 
whether they reſide in compound Bod ies; or ſpontaneouſly ſweat out; or are 
forced out by preſſure. For in reality, there are but few ſorts of Wood, in 
which their Oils are ſo united with their proper Earth, that they are able to 
remain for ages together in the open Air. And as for the Oils of Vegetables, 
which Chemiſtry draws from them by Fire, whether this be done with Water, 
or dry, theſe are far more volatile, and ſooner fly off. Thus, then, they form 
pinguious exhalations in the Atmoſphere, which are very well diſpoſed both to 
take Fire, and to ſupport it. For as theſe oleaginous Particles are now ſo minute- 
ly divided, that they nearly reſemble Alcohol while they float in the Air, be- 
ing firſt heated by/the attrition of the Clouds, they may be excited into a 
Flame by the dioptrical or catoptrical Fire, which I have already demonſtrated 
may be produced in the Air. All theſe Oils, therefore, which ever were in 
Vegetables, a very few perhaps excepted, are diſperſed into the aerial Chaos; 

whence, as Water and Spirits do, they return in their time, impregnate the 
Earth with a pinguious moiſtening Dew, and by thus circulating backwards and 

_ forwards, bring perperually freſh prolific Supplies, and being depoſited for a 
ſhort time, return into the Air again. All this, now, happens chiefly in very 
hot weather, For if a long Drought, with a very great Heat, has carried up- 
wards both the Water, and the pinguious Corpuſcles of the Earth, then the 
firſt Fires that happen aloft with Thunder and Lightning, ſend down a Rain 
which is very different from that pure Snow which falls in a ſharp Froſt; 
and is far more acrid, and more diſpoſed to froth. And hence Summer 

t | Oo2 Rain,. 
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284 Elements of CHEMIST RV, Part II. | 
Rain, or Rain produced in hot weather, is always fruitful, whereas that in cold 
is ſcarcely endued with any ſuch quality. ett a 
AndSalts Tf you conſider now the native Acid, auſtere, thoſe that come the neareſt to 
alcaline, and the ſaponaceous Salts of Plants, procured by cryſtalliſation, fermenta- 
tion, putrefaction, and combuſtion, you will find that all theſe do, ſooner or later, 
diſappear, not one of them excepted ; ſince all theſe Bodies when they are freed. 
from their fixing Earth, aſcend up into the Air. 0 855 3 
Nay, and that very Earth too, which furniſhes a fixed Element to Plants, 
does by its fineneſs acquire ſuch a diſpoſition, that it flies off, and is carried aloft. 
For pray, does not Soot, collected at the very top of a Chimney, from the 
volatile Smoke of a burnt Vegetable, yield, by a chemical diſtillation, a re-- 
markable quantity of pure Earth? Hence, therefore, we are certainly aſſured, 
that Smoke which floats at liberty through the Air, carries along with it real. 
Earth, mounts with it aloft, and widely diſperſes it through the Air. Not to 
mention the Winds, which ſweep away the Ægyptian and Lybian Sands in 
Waves, as it were, through the Air, and carry the Aſhes of Mount Æina to. 
prodigious diſtances. What think you of the Sparks of Veſuvius, ſcattered 
above a hundred miles through the Air? Phil. Tranſ. Mr. Tom. II. 142. What 
of the Ivy-berries diſperſed over a vaſt deal of Ground? bid. 144. The little 
Fiſhes? Jbid. Or the maſculine, ſeminal Duſt of Vegetables ? Phil. Tranſact. 
168. p. 911. Hence, then, from theſe obſervations it is clear, that all the 
Elements of Vegetables may be carried into, and intermixed with the Air, 
And alſo in. But it1sJikewiſe certain, that parts of Plants, and thoſe pretty conſiderable ones 
—— too, are carried into the Air, and are born up along with it to an incredible height. 
Conſider the Seeds of downy-ſeeded Plants, which are carried up to the tops of 
the higheſt Towers, and there, as one ſees daily, if they meet with ever ſo 
little Farth, propagate their Species. The celebrated Tournefort too has elegant- 
ly ſhewn from obſervations, that the Fungus's, which are almoſt all ſeminiferous, 
by means of the Air, diſperſe their inviſible Seeds all about, which meeting with 
a proper Soil, thrive and ſpring abundantly. Moſſes, likewiſe, and the mucilaginous. 
and capillary Plants, as alſo the Epiphylloſpermophere, or thoſe which bear their- 
Seeds upon their Leaves, ſcatter and diffuſe their Seeds to very diſtant 
places. Nay, and even the ſmall ſeminal duſt of the Male-Willow, being ſhaken. 
from the apices of the Flowers, and carried by the Wind into places remote from 
- thoſe Trees, and afterwards, when the Wind was down, falling out of the Air, 
has been falſely taken, by perſons unacquainted with theſe things, for Flower. 
of Brimſtone, and afterwards believed by the credulous Vulgar to be a Show- 
er of Brimſtone. Vide Phil. Tranſa#. Abr. Tom. III. And if ſuch a ſmall 
Duſt ſhould happen to be of a remarkable red colour, why ſhould not the 
Vulgar for the ſame reaſon have aſſerted, that it had rained Blood? Were there 
not Aſhes thrown out of a vulcano, and carried by the Wind, in the year 
1633, the ſpace of one hundred miles! Phi]. Tranſ. No. 21. p. 377. But theſe 
are things not to be wondered at, ſince that excellent Philoſopher Mariotie, in 
his treatiſe of the Motion of Waters, p. 334. obſerved in a Cloud that poured 
forth a ſhower of Hail, that the Air had carried this Cloud for fifty French 
miles. If we reflect, therefore, upon theſe things, we muſt. naturally believe, 
that there are a vaſt. number of ſurprizing things in the Air, and produced 
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| Nay even 
Earth» 


Theory of the A R Tec 
by it; all which are intirely owing to a mixture of vegetable Subſtances that 
are diſtributed through it, | — 
And if you enquire, in the next place, whether the parts of Animals are 
contained likewiſe in this Air? We anſwer, there is certainly a great quanti- 
ty of exhaling Spirits, and thoſe wholly peculiar to every Animal, and di- 


ſtinguiſned among Phyſicians by the name of the per ſpirable Matter of Sancto- 


rius, that are continually diſſipated through the Air from living Animals, 
and adhere to other Bodies; and by theſe Spirits it is that your Dogs, that fol- 
low by ſcent, diſtinguiſh ſo accurately the Animals from which they exhale, 
and follow thoſe particular ones over large tracts of ground. And how full the 
Air is-frequently of contagious Particles, exhaling from Animals, appears evi- 
dent from the Infection too often obſerved in Diſeaſes. 

But again, the excrements continually diſcharged by every kind of Animal, 
are in ſo ſhort a time diſſipated and diſappear, that we are hence certainly con- 
vinced, that the whole quantity of excrementitious matter will be always diſ- 
perſed into the Air, hardly leaving ſo much as the lighteſt Duſt behind it. In 


che hotter countries, the Dung of Animals, being expoſed to the open Air, 
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The Spirits 


of Animals 
are contained 
in the Air. 


becomes perfectly volatile by che Heat of one ſingle Day. And even in our 


own country, which is not ſo hot, the very Dunghills are quickly conſumed, 
And as for Urine, how quickly does that ſpontaneouſly become perſectly vola- 
tile, and exhale? | 2 
But there is ſomeching in this affair ſtill more remarkable. For pray tell me, 
does not an intire Whale, the largeſt of Animals, when in hot ſummer weather 
it is- by the Sea thrown dead upon the Shore, I ſay, does not this Animal 


quickly infect the places, to a great diſtance about it, with a peſtiferous ſtench 2? 


And is not the whole of it reſolved into volatile infectious particles, ſo that at 
length there remain only ſome whitiſh Bones, the whole maſs of the other parts 
being converted into volatile matter, intirely ſcattered up and down in the Air. 
What vaſt numbers of Carcaſſes of Elephants, Camels, Horſes, and of almoſt 
all other Animals, as well as human Bodies, that are the Carnage of War, re- 
main from time to time unburied, and are reſolved into putrefaction, become 
volatile, and d iſſi pate almoſt all their Elements into the Air? Hence, there- 


fore, it follows, that Bodies of Animals are, from their own natural diſpo- 


ſition, as much entombed in the Air, as in the Earth. And thoſe very Bodies, 


likewiſe, which are buried in the Earth, are not then preyed upon by the 


Worms, but are quickly converted into a very light, volatile matter, which af- 
terwards eaſily exhales into the Air out of the Earth itſelf. All the corporeal 
matter, therefore, that has ever entered into the compoſition of- the Bodies of 
living creatures, has been carried up into the Air, with this difference only, that 
if the Bodies were burnt, this was brought about immediately ; if left to rot in 
the Fields, more ſlowly; and ſtill in a longer time, if they were interred ;- 
but yet even in that caſe, they have in time exhaled away. What wonder, 
therefore, if from the Air, there ſhould be returned a Matter, of the ſame na- 

ture or kind with the food. of the former Animals, which is capable of affording. 
a proper nouriſhment to the Bodies, that are by this means to ſpring up afterwards ? 


Nay almoſt 
all animal 


Bodies. 


But there is yet another thing upon this head; which it will be worth our And their 
while to take into conſideration, as the right underſtanding of it will keep us En. 


clear of many miſtakes. I aſſert then, that the very Eggs, impregnated with 
. | the 


Eggs. ö 
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the fruitful offspring of their reſpective Animals, are carried up and down the 
Air. For the excellent Redi has demonſtrated, that all Inſects, without 
exception, are generated, by the copulation of Male and Female: Leeuwen- 
boeck has proved, that the Seed of the Male lodges the firſt Embryo in the Egg 
of the Female: And Boyle has made it appear, that pregnant Eggs will not 
exclude their young, except they are in the open and the freſh Air. Being 
furniſhed, then, with theſe Obſervations, I purpoſely took a piece of Flelh, 
which had been kept a pretty while in boiling Alcohol, and was afterwards 
rubb'd over with ſome bright Oil of Turpentine, and faſtening it to a long 
ſmall thread, hung it up in moiſt warm Air, in a place where it was imagined 
there were no animalcula, and the conſequence was, that in a little time after 
the ſuſpended Fleſh was full of living Maggots, which were devouring 


| whatever of the ſucculent parts remained in the Fleſh. In this caſe, then, the 


Eggs, from which theſe animalcula were produced, could not poſſibly come at 
the Fleſh, but by being born along through the Air, in which it was ſuſpend- 
ed. How much do the Farmers experience the truth of this to their detriment, 
when in a warm ſpring, certain Winds very ſuddenly infect the Trees with num- 
berleſs Vermin, which in an inſtant, as it were, are produced from their inviſi- 


ble Eggs! But give me leave to mention one thing farther, that is ſtill more remark- 


able, and that is, the Rains that frequently happen among the Negroes, which ſtrike 
a man with ſuch a ſudden chillneſs, that it makes him ſhudder. Theſe Rains fall 
in drops, of an inch diameter, which, if they come upon the Skin, eat into it; 
but if they lodge on any Garments, produce living Worms, and Moths, AF. 
Lipſ. Suppl. Tom. I. p. 425. Many other things of this kind might be here 
taken notice of; but theſe may ſuffice, to let the Chemiſts underſtand, that the 
new and wonderful Animalcula, which are oftentimes produced in Bodies, and 
even, perhaps, while they are at work upon them, owe their Being intirely to 
little Eggs, which are thus carried about in the liquid Air, and not to the effi- 


cacy of any chemical Subſtances or Operations. Let them, therefore, be al- 


Foſſils in the 
Air. 


Fir ſt Salts. 


yourſelves be judges. 


ways mindful of the nature of the Air, and its very wonderful fœcundity, be- 
fore they deduce the origin of ſuch appearances from any other cauſes, But the 
knowledge of theſe things at the ſame time, likewiſe, is not leſs neceſſary and 
advantageous to the Phy ſician, and Natural Philoſopher. _ 
But we muſt not detain you too long upon this head, and therefore let us now 
paſs on to Foſſils: For Foſſils, I am certain, are likewiſe diſcovered in the Air, 
Foſſils, ſay you, in the Air! *Twere as reaſonable to ſuppoſe Caſtles there. 
But pleaſe to hear only what I have to offer upon this head, and then you 
Do not, then, all foſſil Salts whatever, though ever fo fixed, if they are diſ- 
ſolved in Water, (eſpecially in that which they attract from the Air) and are 
afterwards digeſted for a long time in a putrifying Heat, and are then diſtilled 


with a great degree of Fire, and have their fixed Refiduum calcined with a 


ſtrong open one, and then diſſolved in the Air: Do not, I fay, all foſſil 
Salts whatever, managed after this manner, at length fly off into the Air? 
This is a Truth which a great Chemiſt communicated to the World more than 
an hundred years ago. Not to mention the diſtillation of theſe Salts, with Sand, 
Bole, Brickduſt, Potters and Tobacco-pipe Clay, performed with the intenſeſt 
Heat! Do not the Chemiſts every year convert, by this method, many 8 
ſan 


Tn 
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ſand pounds weight of ſuch Salts, into acid volatile Fumes, which they call 
Spirits? And does not every ſuch chemical Operation infect the very Air? 
And does not this Air deſtroy the Bodies that are expoſed to it? The ſingle and 
ſimple mixture of Oil of Vitriol, Oil of Alum, or of Oil of Sulphur by the 
Bell, with Nitre, Sea-Salt, or Sal- Gem, converts in an inſtant thoſe very fixed 
Salts into Fumes, ſo volatile that they can hardly be confined, with which the 
Air is in a ſhort time ſo ſtrongly impregnated as to carry thoſe Salts to great 
diſtances all around. But infinite are the Methods by which the ſame thing is 
effected. Before the induſtrious Glauber's tinie, indeed, this admirable method 
of thus changing Salts, was not diſcovered. But who will pretend to determine 
how many Methods lie hid in Nature even at this day, by which the like con- 


verſion from a fix'd to a volatile matter may be brought about? The Vapours | 


about Mines, which are often ſo fatal, that no living Creature can breathe in 


them with ſafety, ſufficiently prove, that Nature herſelf thus diſperſes Salts 
through the Air, and conſequently, has ſecret Methods which we are not ac- 
quainted with, for performing the very ſame Operations. In the mean time, 


however, it is true, that this happens only in certain parts of the Earth; name- 
ly, in thoſe places where there is plenty of ſuch a matter, and where likewiſe 
the means are not wanting, for working upon it after this manner. And it is 
likewiſe as certain a truth, that even thoſe ſatine Vapours are elevated only to 
a certain height in the Air, and that not a very conſiderable one. And upon 
this foundation it was, that the Adepts aſſerted long ago, that the Air was di- 
vided into certain diſtinct Strata or Beds, each of which contained a diſtinct 
kind of Exhalations and Vapours. Hence, then, it is evident, that by the 
means of Water, Heat, Digeſtion, Solution, Exſiccation, Diſtillation, Calcina- 
tion, Combuſtion, Mixture, Adunation, and Separation, Foſſil fix'd Salts are 
rendered volatile, and are thus intermix'd with the Air. 


And as for the principles of Foſſils, which go by the name of Sulphurs, Nert Sol- 
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theſe, whenever the Foſſils are burnt, are intirely carried up into the Air, and bhur. 


being intermixed with it, diſappear, the ſaline acid part changing into a ſuffo- 
cating Fume, and the oleaginous part being attenuated by the action of the 
Flame, and flying off in an inviſible, or a ſooty black Vapour. It is very cer- 
tain, that hardly any thing at all of theſe parts remains in the Earth. Sulphur 
now itſelf, when alone, is carried into the Air in form of an impalpable Flower, 
and is there diſperſed about. But when it is mixed with oiher Bodies, it often 
acquires a ſurprizing volatility, The Chemiſts have taken notice of a great 
many methods, both natural and artificial, by which Sulphurs are ſo changed, 
that they fly off into the Atmoſphere, and carry up other things along with 
them. In Mines, from time to time, there appear pinguious, ſtinking, ſuffo- 
cating Funies, pretty often very troubleſome to the Miners, to which, if the 
Flame of a lighted Candle is applied, they inſtantly take fire, not without ex- 


treme danger to the Workmen. But it 1s certain, that Arſenicks, Orpiments, 


Cobalts, Sulphur of Antimony, Biſmuth, Zincq, and other Bodies, furniſh the 
matter of theſe Vapours. , We are likewiſe informed of the falling of a ſhower 
of Brimſtone, attended with Lightnings, which when it was once on fire, could 


neither be extinguiſhed by Water nor Motion. Nov. Literar. An. 1684. p. 63. 


In the laſt place, Metals themſelves have been found to be fo far changed, 


that they likewiſe, under the form of a volatile Fume, have been ſcattered up ſches. 
| and 
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Silver Ore, the Particles of the Ore being by this means rendered volatile, when 


mined what Bodies they were. But there is another cauſe which is frequently 


Elements of CH EMIS TRV, Part II. 
and down in the Air. This is univerſally known to be true of Mercury, which 
when agitated only by a Fire of 600 degrees, flies off, and becomes inviſible. 
And if the Air impregnated with it, ſurrounds, and is applied to a human Body, 
how wonderſully does it penetrate it, and how quickly does it throw it into a 
Salivation! But beſides, while it thus flies off, it carries up and bears away with 
it ſome part of certain Metals; as appears from the diſtillation of Lead and 
Tin with Mercury. Nay Lead, Tin, Iron, and Copper, if they are diſpoſed 
in a very ſtrong Heat, at length diſappear, by means of the volatility they ac- 
quire there, and thus far are diſſipated likewiſe into the Air. A great part 
of imperfect Metals is carried off too by Lead in the teſt, But when Cobalts, 
Arſenics, and the like rapacious Sulphurs, are intimately united with Gold and 


they come to the Fire, they carry away theſe noble Metals to that degree, that 
to the great damage of the Owner, a good part of them both is loſt ; which by 
a gentle calcination, and the addition of ſome fixing Powders, might be intire- 
ly preſerved. Hence, therefore, it appears, what an abundance of Gold and 
Silver may be raiſed up into the Air. Nothing, indeed, ſeems a greater Paradox 
than volatile Gold, and yet we are certain from undeniable chemical Experiments, 
that if you take common ſublimate of Mercury, and rub it well with Gold re- 
duced to Powder, and then diſtill it in a Retort with Regulus of Antimony, 
the very Body of the Gold will aſcend in form of a red Oil, and become per- 
fectly volatile. By Sulphur, likewiſe, calcined Vitriol, and Sal- Ammoniac, 
mix*d and apply*d according to Art, almoſt all Metals may be rendered vola- 
tile in the Fire. No wonder then that in clear Weather, there very often 
appear about Mines ſudden Fumes, which extinguiſh the Light of a Torch. 
See Boyles Works, Vol. I. p. 52. ſince even the molt denſe Bodies may, in the 
form of a Fume, be ſo carried up into the Air, as that it can hardly be deter- 


concerned in this affair, and which likewiſe impregnates the Air with theſe me- 
tallic parts, and that is the Air itſelf abounding with Salts and Sulphurs. 
For as I have already ſhewn above, that the whole Air is full of Salts and Sul- 
phurs; and as it appears from what I have now delivered, that thoſe Salts and 
Sulphurs can carry aloft even Metals themſelves when they are diſſolved, it is 
eaſy to apprehend, that the Air itſelf can by this means effect that the parts 
of Metals may be ſuſpended and float about in it. Are not Iron, Copper and 
Lead, by the contact, and motion of the Air always, and that in a ſhort time 


too, turned into a Calx, Flowers, and a Scobs? And are they not hence con- 


= 


verted into Ruſt, a bluiſh Mould, and a Ceruſs? And have you never obſerved, 
that when after theſe changes, they are reduced to an impalpable Powder, 
they fly away, and are carried through the Air by the Wind, I confeſs, in- 
deed, that Silver, Gold, and Tin, are leſs incident to theſe alterations, becauſe 
the volatile Acids of Nitre, and Sea-Salt, which are the proper diſſolvents of 
theſe Metals, are hardly ever diſperſed through the Air, except about the Ela- 
boratories of the Chemiſts. The Air in America, indeed, is of ſo corroding a 
nature, that it conſumes the Tiles of the Houſes, ſtony Bodies, and almoſt all 
Metals; as the Engliſh unanimouſly agree of the Air of Bormudas ; for even 
Metals themſelves periſh there very ſoon. And that ſurprizing Phenomenon, 
which in all ages has been obſerved by Miners, ſeems likewiſe to be owing to 


the 
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the reſidence of theſe metallic parts in the Air, viz. that the foſſil Glebes, 
when they are dug out of the Earth, and are expoſed to the Air, are affected 
by it in a very extraordinary manner, How frequently is it ſeen, that Marcha- 
ſites, the Pyrites, vitriolic Stones, and metallic Subſtances that are quite ex- 
hauſted, are ſo acted upon by the Air, that they increaſe, come to maturation, 
are changed, renewed, and afreſh impregnated, and become again inriched 
with a true metallic Offspring. In reality, the Air ſeems to be the grand uni- 
verſa] diſtributer of the Seeds of Bodies, which being plentifully ſtock'd with 
every kind of Matter, commits to the Earth the Elements of Bodies it had be- 


fore received from it, and thus generates moſt kinds of Bodies, rather by 


means of a revolution, than a new production. Tis certain, that Dew being 
changed by Diſtillation, has yielded a Liquor, which ſtained Glaſs with the 


Colours of the Rainbow, penetrating ſo deeply into it, that it could neither be 


removed by Aquafortis, Oil of Tartar, or a ſtrong and long continued friction; 
and yet at the ſame time the Liquor itſelf was ſo ſubtil, that it burnt in the Fire 
like Alcohol; Republick of Letters, T. I. p. 390. Certainly this effect is very 


— uf 474 of a metallic Tincture upon Glaſs. Philoſophical Trauſactions Abridg: 
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Thus, then, Gentlemen, the few things I have laid before you, are ſufficient From what 
| been ſaid 

is ad 

true know- 


and compounded together : For in it there float up and down the attenuated * of che 


to inſtruct us in our chemical Inquiries, what notion we ought to form of the 
Air. In reality, it is to be conſidered as a true Chaos of all things intermixed 


Particles of all Bodies whatſoever. And ſince theſe little Corpuſcles are 
always in motion, they may, by running among one another in this aerial 
ſpace, produce all thoſe wonderful operations of Nature, which are owing to 
the efficacy of particular Bodies: But theſe are almoſt infinite. So that indeed, 
it ĩs not at all to be wondered at, that there are produced and appear in this 
ſcene of the Air, ſuch extraordinary, and frequently ſuch terrible events in 
Nature, as never happen any where elſe : I mean the Meteors. In this Air there 
doubtleſs muſt be Bodies that are endued with a magnetic vertue, which by their 
mutual attraction, repulſion, coheſion, rarefaction, and by infinite other me- 
thods, muſt every where excite ſtupendous Phænomena. An inſtance of this 


you have here before you. In my right hand I hold a ſmall open glaſs Bottle, 


in which there is an alcaline Spirit of Sal- Ammoniac z and in my left I have ano- 
ther, in which there is Spirit of Nitre. You ſee, that whilſt I keep theſe Bot- 
tles at a diſtance from each other, nothing at all appears extraordinary; but 
that as ſoon as ever I bring them gradually ſo near towards each other, that the 
Vapours iſſuing from the two Bottles, begin to meet with one another, there 
immediately, in the place where they thus mix, appears a little Cloud, ariſing 
from the concurrence of the Alcali and Acid in the Air. If an Amalgama 
prepared with Tin and Mercury is diſtilled in a Retort with Spirit of Sea-Salt, 
it yields a Liquor, which, if it is kept in a cloſe Veſſel, produces no effect; and 


yet if it is expoſed to the open Air, tho* many years after its preparation, it 
immediately goes off in a very thick Smoke, But Nature is every where full 


of the like inſtances. We know not what other hidden Salts there may be be- 
ſides in the Air, that we are not acquainted with, or with what vertues they 
may be endued. Nor are we leſs ignorant what Spirits and Oils may float up 
and down in it; tho? in the mean time, from the particular Nature of thoſe un- 

Pp known 
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Elements of CHEMIST Av, Part II. 


known Salts, Spirits, and Oils, ſuch ſtupendous effects may be produced, as 
are never obſerved to proceed from any other cauſes. If the diſtill'd Oil of 
Saſſafraſs happens to meet with Glauber's Spirit of Nitre; what a terrible effect 
is produced in an inſtant ? An effect hardly to be exhibited by any other Expe- 
riment. If at any time, now, there ſhould chance to get into the Air a number 


of Particles endued with the like properties, and theſe ſhould be there mixed 


together, very ſtrange and ſurprizing appearances muſt neceſſarily follow. Cer- 
tain times, it is evident, do preſent us with Phenomena, that are never ſeen at 
any other. To the production now of theſe rare and very extraordinary ef- 
fects, it is poſſible that the Comets, Meteors, various Aſpects of the Planets, 
and perhaps the Stars themſelves, may principally exert their influence; 
whoſe actions may be very conſiderable, on account of their attraction and re- 
pulſion, of their Heat, Light, and Cold, and of the Efiuvia which they 
generate and emit, 

In conſequence now of all the things I have here mentioned, this Air is of 


a quite different nature in particular places; firſt, on account of the Land or 


Soil, or the part of the Earth which the Air under conſideration hangs over: 
For according to the various Bodies with which the Earth abounds in any par- 
ticular part, the Exhalations and Vapours that ariſe from it will poſſeſs as. 
various qualities, and for this reaſon, the Air in that part will be full of Cor- 
puſcles, that are not to be met with any where elſe. The truth of this has. 


always been confirmed by numberleſs Examples. And hence it will come to 


paſs, that in ſuch particular parts of the Air, certain Experiments may be 
made, that will never ſucceed in any other. In the ſecond place, a very great 
diverſity is here obſerved likewiſe, in reſpe& to the Soil, in different places, 
according as Men inhabit it, and keep Animals there, and according as they 
dung and turn up the Ground, and exerciſe various. Occupations there, and 


by this means raiſe up almoſt all kinds of Bodies into the Air: On which ac- 


count again, an infinite number of changes are obſerved to happen, which are 
not to be effected elſewhere. A certain Chemiſt, for inſtance, in his Elabora- 
tory, where he was daily employ'd in the diſtillation of large quantities of Vi- 
negar, expoſed to the Air ſome pure, dry, alcaline Salt of Tartar in a glaſs. 
plate. The Air, of conſequence, being full of acid Vapours, diſſolved the 
Salt into an Oil of Tartar per deliguium, and at the ſame time fo cloſely united 
the acid parts of the volatile Vinegar with the Alcali of the Tartar, as at- 
length to convert the ſaturated Maſs into a Tartarum Regeneratum, or regenera- 
ted Tartar, which melted in the Fire like Wax, and yielded a very noble 
Remedy for the reſolving of viſcid tenacious humours, in almoſt all Diſeaſes. 
He was mightily pleaſed therefore with this production, for he reckoned he had 
now diſcovered the great ſecret of the Alchemiſts for Incerating, according to 
the language of thoſe Gentlemen, a fix'd alcaline Salt: But when afterward he 
attempred to repeat the Experiment in another place, where there was not ſo. 
great and conſtant a quantity of Vinegar in the Air, he met with nothing like 
the former ſucceſs. The ſame thing might be farther made appear by a vaſt 
number of inſtances, but you yourſelves are ſufficiently appriſed of it. Con- 
ſider then a little, how prodigiouſly the Air may be changed in any particular 
place, when a great Earthquake has occaſioned exhalations to 215 there very 
different from what there did before. And this is again confirmed by . 
| | which. 
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which informs us, that certain parts of the Earth have become uninhabitable, 
by reaſon of the abominable ſtinking Vapours with which they have been in- 
feſted after Farthquakes. But again, inundations by Rain, overflowings of 
Rivers, and the breaking in of the Sea, make ſuch alterations in the Armo- 
ſphere, by means of the humid Vapours, and Exhalations from putrified Bo- 
dies hence occaſioned, that the whole nature of the Air, in thoſe places, is in- 
tirely changed. The very Winds, likewiſe, as they carry the Air with all its 
contents from one place to another, muſt always bear along with them ſome- 
thing from the places from whence they began to blow, and conſequently are 
thus always varying the contents of the Air, continually carrying off from particu- 
lar places the matter peculiar to them, and ſupplying them again with what 
they juſt brought from ſome others. From which cauſe likewiſe, there muſt 
needs happen in chemical Operations, a remarkable diverſity. And as for the 
influences of the Heavens, particularly in reſpect of the various Aſpects of 
the Sun and Moon, their acceſſions, receſſions, perpendicular or oblique irra- 
diations, conjunctions, and oppoſitions, what changes muſt theſe produce in 
the Air, by their attraction, repulſion, and the Heat and Cold that depend 
upon them? What variation muſt they cauſe in the Vapours and Exhalations 

that are carried up from the Earth into the Air? But there is one thing farther 
on this head, which, as Chemiſts, we ought to take particular notice of, and 
that is, the viciſſitude of the ſeaſons of the year, which is here of ſuch efficacy, as 
is wholly incredible; even ſetting aſide that which ariſes from the various actions 
of the Sun in this ſtated annual courſe. You'll underſtand what I mean, in the 
following manner. If the Sun on the tenth of March, in a certain altitude, and 
with a certain degree of Heat exerts its Power on the Earth, it then a&s on a 
Body, whichin the preceding Winter, being lock*d up by the Cold, has kept 
in and accumulated, under an icy or cold Cruſt, its own proper Exhalations, 
and at the ſame time, has received and retained whatever came down upon it out 
of the Air: Hence, as ſoon as it begins to thaw, and the Farth reſolves itſelf 
into a looſe Mould, the firſt ſucceeding Heat of the Sun acts upon this fertile 


pregnant Body, and immediately fills the whole Air with Vapours: On which 


account a vernal Heat hardly ever ſucceeds a Froſt of long continuance, but 
there preſently follow Showers, Thunders, and Lightnings, and an igneous 
Vigour appears in all Animals and Vegetables. But now, when on the tenth of 
September, the Sun at the ſame Altitude, and with the ſame degree of Heat, 
acts upon the Earth, it then finds it parched up, and exhauſted by the Heat 
of the preceding Summer, and not yet moiſtened with autumnal Showers ; for 


which reaſon, neither the ſame Heat in the Earth, or Air, will produce the 


ſame effect, nor will excite this vigour in Animals and Vegetables, as it does in 
the Spring. Theſe few things then will be ſufficient to let us eaſily ſee the 


variety there is in the Atmoſphere, according to the diverſity .of the + ſeaſon of 
the year, as far as it ariſes principally from this cauſe 3 a Speculation very uſe- 


ful both in Chemiſtry and Natural-Philoſophy. And, indeed, it's plain the 
Chemiſts had ſome inſight into this matter long ago, when they attributed to 
the vernal Rain, a vertue ſo much ſuperiour to that of the autumnal, produced 
in the very ſame degree of Heat: For they found that this Lixivium of the 
Air brought along with it out of the Air, very different Vapours and Exha- 


lations, according to the diverſity of the ſeaſon now explained, 
| P p 2 515 Before 
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292 Elements of CHRMIS TRV, Part II. 
A quality in Before we leave the examination of the various Bodies that are contained 


karl. in the Air, and of the different Powers which prevail in it, we muſt yet take 
under conſideration one quality of it, which is very ſalutary and neceſſary to 

the life of Animals and Vegetables; a quality which has not been yet account- 

ed for from any other property of the Air, but by a diligent inquiry, how- 

ever, may poſſibly, hereafter, be come at the knowledge of. Whether, now, 

this latent vertue of the Air is actually drawn out of it by Animals and 
Vegetables, and hence is in a ſhort time exhauſted and conſumed ; and whe- 

ther, when it does thus fail, the Animal dies, no-body is, I think, at preſent 

able to determine. This, however, is certain, thar if. a ſmall Bird is put in- 

to a large Receiver, full of common cold Air, and the Receiver is then ve- 

cy cloſely ſtopt, the Bird will grow ſick and vomit within a quarter of an hour, 
and die in the ſpace of half an hour after. Boyle, Of the Air. 184. A Fiſh 
"= kept in Water in a Veſſel well cloſed, without renewing the Air, dies in a ſhort 
time. Fiſh likewiſe die in Ponds. that are every where frozen over, and quick- 
ly periſh in Water out of which the Air is exhauſted. Hiſt. de P Acad. Roy, 

des Scien. 1699. 240. 1701. 46, and Mem. 224. Flame, and a red hot Coal, 
quickly go out in Air that is cloſe pent in. The little Eggs of any. Inſects 
whatever, being accurately ſtopt up in glaſs Veſſels, do not produce their 
young, tho? aſſiſted by a kindly Warmth.. The Seeds of Plants likewiſe, duly 
moiſtened, and ſowed in the beſt Earth in cloſe Glaſſes, do not grow, or 
give any ſigns of active Life, tho? excited by a due degree of Heat. On the 
other hand, the upper Surface of Blood that. is expoſed to the Air, is of a 

bright ſcarlet colour, whilſt in every other part, where the Air don't come at. 
it, it grows as black as the juices of the Cuttle-fiſh : And yet, as ſoon as ever 
this black part is laid open to. the Air, the black colour is immediately chang- 
ed again into a. ſcarlet. All thefe Experiments then make it appear, that there 
is in the Air a certain hidden vertue, which cannot be accounted for from all 
the properties of. the Air, which have been hitherto diſcovered. Sendivogius 
maintained it openly, that there hes hid in the Air the occult Food of Life; 
and other. Chemiſts have aſſerted the ſame: But what that is, or how it acts, or 
what is the proper effect of it, is a matter ſtill in the dark. Happy the Perſon 
that ſhall happen to diſcoyer it. Let this Hint ſuffice for Perſons that are hi- 
therto ignorant of it, is it not the elaſtic part of the Air alone? 
N For my own part, I. confeſs, I cannot apprehend, that either the Natural - 
20-bogy, Philoſophers, or Phyſicians, have yet diſcovered the phyſical cauſe of this won- 
derful quality of Air. I have ſeen, indeed, a great many conjectures upon it; 
but they have almoſt all fallen of themſelves. After all that has been ſaid 
then, we have now a proper opportunity in the laſt place, of treating a little 
briefly of the proper weight of: the Air: Andto this purpoſe, it you pleaſe, let us 

take the ſum of what has been laid down. 


The weight The Air then is full of Water, which is ponderous, ſolid, and not to be con- 

tic noche denſed by any weights. With this Water, the Air is ſo plentifully ſtocked, 
we Ar. that Salt of Tartar, upon Experiment, has attracted ſo much Water out of 

a ſmall quantity of Air, contained in a glaſs Veſſel cloſe ſtopt, as to grow ſen- 

ſibly moiſt. Beſides Water, too, almoſt all kinds of Bodies are contained in the 

Air, and diſperſed up and down in it: All which Bodies taken together, muſt 

at leaſt be as heavy as the Water. But theſe Corpuſcles, likewiſe, as they are 

there in a liquid form, can ſcarcely be driven cloſer together, by the force of [4 

impoſed: 
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impoſed weights. If therefore from a given portion of Air, all that truly 

derous Matter, which, as has been demonſtrated, the Air naturally receives 
from all kinds of Bodies, was very accurately ſeparated from it, how much 
weight do you think would there remain belonging to its real elaſtic part? 
Undoubtedly you-perceive, unleſs I am exceedingly miſtaken, that there would 
remain but a very little: Nay, if from the aſſiſtance of ſo many Experiments, 
we may be indulged a conjecture, perhaps there would be really none at all. 
For let but the eight hundred and fiftieth part of the whole ſpace of a cubic 
foot of Air be filled with Vapours and Exhalations, not elaſtic, and with duſty: 
Particles floating up and down in it, then the remaining elaſtic part of the Air- 
will have no weight at all. And hence it might come to paſs, that the Air in. 
that compaſs could never be reduced into a leſs ſpace than the 2 of the 
whole, notwithſtanding the Newtonian Law ſhould conftantly hold good in the 
elaſtic part; namely, that the Elements of Air always endeavour to recede 
from one another with ſo much more force, as the weight 1s greater by which- 
they are compreſſed. And from this ſuppoſition it would likewiſe neceſſarily. 
follow, that when the other parts are contracted into a ſpace 850 times leſs 
than the former, then the elaſtic part cannot be reduced cloſer by any weight. 
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has no 
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_ whatſoever, ſince all that ſpace would be then filled up with Water, and other 


incompreſſible Bodies. And this exactly anſwers to the Experiments of the 
famous Halley, and the Academy del Cimento, who aſſert, that the Law of the 
reduction of Air into ſpaces, proportional to the compreſſing weights, does not 
hold good beyond that ſpace which is 8570 times leſs than that which 1s taken 
up by the common Air. Hiſt. de l' Acad. Roy. des Scien. 1703. 7. Mem. 102. 


We ought not, however, thence to conclude, that the purely elaſtic part of the 
Air, if it could be made trial upon alone without the mixture of other Cor- 
puſcles, could not, by the ſame Law, be condenſed a great way farther. And 
who will pretend to determine how far? Perhaps this would always be the 


caſe. 


For theſe reaſons, I have frequently conſidered with myſelf, whether the ſu- A duumvi- - 


preme Being has not created both Fire, and purely elaſtic. Air, intirely with- 


out gravity, nor tending naturally to any particular. point, but equally diſtri- andthe elaſ-. 


buted throughout the whole Univerſe, and that under this Law, .that the Fire 
ſhould always ſo act upon the Air, as never to ſuffer it to be at reſt, no not 
even in the extremeſt Cold. For, if in the upper region of the. Atmoſphere, 
the Heat of the Fire is leſs, the Air likewiſe in the ſame proportion being 
there leſs condenſed, as there are fewer heavy Bodies to compreſs it, mult be 
always rarer, and conſequently will be ſo much the eaſier kept in an ebullition 


rate of mo-- 
tion in Fire 


tic part of 
the Air. 


by a leſs degree of Fire, and will at all times be agitated with a tremulous mo- 


tion. What room is there here then for admiration ! What a mighty moving 
power upon every thing, . leſt at any time they ſhould be at reſt! But it's very 


likely you will be apt to think with yourſelves, if the Air, with reſpect to 


its elaſticity, be without weight, what is the reaſon then, that it is not rarer 


about the Earth? Why, let us, Gentlemen, only confider, that its Elements 
are not ſoeaſily to be difengaged from the other Particles with which they are 


intermixed and intangled, and conſequently, that by this means it will be com- 


preſſed by the other Bodies that are incumbent upon it; and then the reaſon of 


this Phenomenon will be very evident. 
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Elements of CHRMHIS T RV, Part IL 
And thus I might here have put an end to our Hiſtory of the Air; but there re. 
mains, however, a ſmall, but very valuable Article, which may {till be added, 
viz. the demonſtrating this purely elaſtic Air by Experiments, and the proſecu- 
ting it in its wonderful effects. And upon this head, whilſt I have conſulted a great 
number of Authors, I have found the excellent Mariotte to be the principal 
one, who has broke the Ice, and led the way. Purſuing then the ſteps of this 
famous Gentleman, I have digeſted theſe Experiments in the following order. 


EXPERIMENT I. 


T have here in my Hand a Plate of pure Silver, curiouſly poliſhed, and very 
carefully cleaned, and as warm as the preſent temper of the Atmoſphere, viz. 
52 degrees. This Plate, as you fee, I immerge gently, without any concuſ- 
ſion, into very clean Water, of the fame degree of Heat, in this glaſs Veſſel ; 
and yet you ſee there are formed aerial Bubbles, ſticking to the Surface of the 
Silver, thence riſing up through the Water, and then burſting aſunder. This, 
therefore, upon examination, being conſtantly the event, we may hence con- 
clude, that common Air, by its inviſible Particles, adheres in ſuch a manner 
to the ſolid Surface of the Metal, that it deſcends with it through the Water, 
keeps its hold by a certain viſcid tenacity, and will not give way, and leave its 
Surface, till it is forced upwards by the weight of the Water. When this Sil- 
ver Plate, therefore, is moved through the Air, undoubtedly the Air next its 


Surface will adhere faſt to it, till by Wind, Heat, or a rapid motion, it is diſ- 


lodg*d from it, and then at laſt it yields up its place to ſome other Air that 
ſucceeds it. This property now of merely elaſtic Air, ought well to be taken 


notice of in chemical Operations. For ſince it ſticks only to the Surface of 


Bodies, not being able to enter into their ſolid Maſs, *tis evident that Bodies, 
when they are minutely divided in the Air, and conſequently have their Surfa- 
ces greatly multiplied, always carry far more Air with them into the Receiver, 
than they would have done in a ſingle ſolid Maſs. And for this reaſon, the 
Air that is generated in the ſolution of Silver Duſt by Spirit of Nitre, is not to 
be ſuppoſed to proceed from the Spirit of Nitre, or the ſolid Maſs of the Me- 


tal alone, but partly likewiſe from the very Air which is convey'd on the 


Surfaces of the Particles of Silver. If the Experiment is made with a Plate of 


Gold, the Phenomena are the ſame. If very ſolid poliſh'd Gold then attracts 


Air after this manner, all other Bodies certainly will do it much more. All 


Bodies, therefore, when they are immerſed in Water, carry Air along with them ; 
tho? thoſe Bodies do it more ſo, which are rough, and whoſe Surfaces conſequent] 

are greatly increaſed. If at the ſame time too they are fungous, ſpungy, and full 
of Pores, they will carry with them til] a much larger quantity of Air through 
the Water; eſpecially, if ſuch Bodies are diſſolved into their ſmalleſt parts by 
the dilution of Water. This then is the firſt method of demonſtrating the adhe- 

fion of elaſtic Air to ſolid Bodies, | 


EXPERIMENT II. 


And Fluids. Again; you ſee this pretty large Cylinder, which is bright, clean, tranſpa- 


rent, and dry. Pleaſe to obſerve, into this Cylinder I pour pure Water, till 
the Veſſel is almoſt full. This Cylinder, now, thus full of Water, I ſo apply 
to the Air-pump, that by means of it, I exhauſt the Air that reſts upon der 

Surface 
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Surface of the Water; and at firſt you perceive no alteration in it. As the Atmoſphere, 


however, now, is a great deal diminiſhed, you perceive Bubbles of Air appear; and 


in what numbers! How ſwiftly are they carried upwards! How quickly do they in- 


creaſe in magnitude ! But whence now do they ariſe? Why certainly, as far as we 


can any way diſcover, from the Surface of the bottom and ſides of the Veſſel, or of 
the Water. And hence an unwary perſon, who ſhould fee this Experiment 
only, might be induced to imagine, that all the Air, which by this method is 


fetch'd out of the Water, lay concealed only between the concave Surface of 
the Glaſs, and the convex Surface of the Water. But this opinion will by other 
curious Experiments be refuted hereafter. In the mean time, however, this we 


are aſſured of, that Air adheres to the Surface of Glaſs, and Water, with the ſame: 


tenacity. that appeared in.the preceeding Experiment. 


EXPERIMENT III. 


But the very Air itſelf, by its Surface, adheres to the Surface of other Air, 
with a pretty remarkable tenacity, notwithſtanding its Elements ſeem to fly from 


one another. The demonſtration of this, which indeed has been given in a 


And to its 
Own parts. 


former part of this work, I repeat-again in the following manner: This Glaſs 


Vial, which from a large ſpherical Belly, runs out into a long cylindrical neck, 


the diameter of which is nearly 4 geometrical lines, I have filled with. Water; 
and now I invert it in ſuch a manner, that the mouth of the neck, which is open, 


points directly downwards, and yet not one drop of Water falls out; nor does 


there enter one bubble of Air; a manifeſt indication, that the fine Elements of 
Air do not here eaſily recede from one another, but, by a certain adheſion, co- 
here together. (This Experiment I exhibited formerly, when I was treating of 
the diviſibility of Air; but as I am now conſidering, Air as elaſtic, or very 
light, I am obliged to repeat it again). For if the very light elaſtic Particles 


of Air were as eaſily ſeparable from one another,. as the united parts of Alcohol : 


are, then the elaſtic Particles of Air pafing through the Water, would make 


their way upwards z and the Water would proportionably run out of the Glaſs, . 


as we ſaw on the foregoing occaſion, when we ſet this ſame Glaſs in Alcohol that 


was coloured, See p. 258. and the following. And that the effect we are ſpeaking 


of is chiefly to be attributed to ſuch a tenacity of the aerial Particles, is con- 
firmed by the following Experiment. The ſame Vial, filled with a very ſtrong 


Lixivium of Salt of Tartar, I immerge again, thus, into diſtilled Oil of Tur- 
pentine. Do not, now, the viſcid parts of the Oil aſcend, through this more 


ponderous lixivium, far more ſlowly than Water or Spirits of Wine? Moſt cer- 
tainly. You will ſay, perhaps, that the repulſion there is between the aqueous 


Particles, and the oily ones, is the cauſe of this Phenomenon z and that the Air 


is repelPd in the ſame manner by Water. I grant it. But in the mean time, 


you ſee, that this ſlowneſs in the Air in aſcending appears equally evident, whether 


the Vial is filled with Water, Alcohol, Brine, any Lixivium whatever, or even 
with Mercury. Hence, therefore, It ſeems not altogether improbable, that the 


tenacity of the elaſtic. parts of the Air, among one another, is greater, in theſe 


inſtances, than in the other Liquids. When the elaſtic parts of the Air, there- 


fore, are once united together, they ſeem to be leſs eaſily ſeparable, and leſs 
eaſily diviſible into their minute parts; and, conſequently, they appear to be 


mixed with other Liquids, with more difficulcy than any other Fluid we we i 
preſent - 
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preſent acquainted with. I know very well, that all the Philoſophers J have 


hitherto conſulted, are of another opinion, and think nothing more true, than 
that the Air immediately enters any Liquid whatever that it can but come at. 
But careful obſervation obliges me to think in a quite different manner. For if 
J fill two thirds of the capacity of this Vial with any Liquor whatever, and 
the other third contains nothing but Air, and I perfectly cloſe it with a glaſs 
Stopple, and then ſhake the Vial over ſo long, I ſhall never bring the Water 

to be wholly mingled with the Air, but only large bubbles will be produced 
from the Water, within which the aerial Particles are entangled and rolled up, 
whilſt the agitated parts of the Water form little ſpherical Bodies that keep 
them in; and thus, from a number of ſuch Bubbles there ariſes a white Froth, 
conſiſting purely of Air and Water, into which they are again reſolved ; the diame- 
ters of theſe Bubbles being nearly three lines. But that you may ſee the truth 
of this Paradox ſtill more evidently, be pleaſed likewiſe to take notice of the 
following Experiment. This glaſs Vial, the Mouth of whoſe Neck 1s open, and not 
four lines wide, is full of our common Air. This Vial, now, I ſink thus perpendicu- 


larly under Water, ſo that the mouth of it, which is open, and points upwards, is 


quite below the Surface. The Water, therefore, now reſts upon the Surface of the 
Air, and nevertheleſs does not deſcend into the Vial, but the Surface of the 
Air bears it up. Water, therefore, which is eight hundred times heavier than 
this compounded Air, cannot ſo divide the Particles of the Air aſunder, as to 


inſinuate itſelf among them, and deſcend through the Air. But there is another 


Tab. VII. N 
Fig · 2 


Pl. VII. 
Fig. 4» 


Fig. 5 


thing remarkable upon this head, which is as follows. This glaſs Vial is full 

of Water, and the mouth of its neck is 5 lines wide. This, as you obſerve, 1 
ſo invert, as that the mouth points downwards; and now you ſee, that there 
ariſe not ſmall, but large capacious Bubbles of Air; that they enter into the 
neck, through the Water, and make their way upwards, thus whole and 
united; and that they are not, while they paſs through the Water, divided into 
very ſmall parts, but aſcend in form of large intire Bubbles. You perceive 
at the ſame time too, that the Surface of theſe Bubbles is at both ends convex, 
and that the Water accommodates itſelf to them in a Surface that is concave. But 
this appears ſtill more diſtinctly, when I place the neck of this Vial in a horizon- 
tal poſition, for then theſe aerial Bubbles remain equally large, and being on all 
ſides confined within the Water, ſhew very clearly their bulk, which they retain 
a long time together with their Figure, which is convex at both ends, as you 
ſee in the Plate. The ſame thing holds true likewiſe with regard to this con- 
vexity of the Air, in narrow glaſs Tubes full of Air, and open at both ends. For 
if you ſet them perpendicularly in Water, the Water will riſe in the Air in 
ſuch a manner, as to form a concave Surface on its upper aſcending part; whilſt 
the ſurface of the Air that is contiguous with this of the Water will be con- 
vex. This too you ſee in the Plate. All theſe things, then, conſidered toge- 
ther, ſeem to evince, that the Elements of the elaſtic part of the Air poſſeſs a 
determined and pretty conſiderable tenacity, with reſpect to one another. Thoſe 
things, I ſay, taken all together, for I am not ignorant, that very celebrated 


Authors explain ſome of them from the attraction which is obſerved between 
Glaſs and Water, — = 
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EXPERIMENT IV. 


I have here, three conical Glaſs Veſſels A B C growing narrow towards There is 
the top, and open; and with plain or level bottoms. In one of them there ner, min 
is Water, as cold as the Air is at preſent, viz. 44 degrees. In another there pears by this 
is Water of the ſame warmth with this place which we are in, which is about Ferment. 
91 degrees. In the third there is Water heated to the 150tn degree. And I PL VIII. 
have choſen the Veſſels pretty tall, that the Experiments I ſhall exhibit may be ** * 
the more conſpicuous. Theſe Veſſels then, thus prepared, I forthwith ſet up- 
on the Air-pump, under the Bell; and immediately exhauſt the Air. Do you 
not now very plainly perceive, that as ſoon as I have drawn out a little of the 
Air, a very large quantity of Bubbles are generated in the hotteſt Veſſel C, 
which are formed at the bottom and ſides of the Veſſel, and aſcend, grow larger, 
and break aſunder at the Surface of the Water, juſt in the ſame manner as if 
the Water was now really boiling, which notwithſtanding is, perhaps, 70 
degrees below the Heat of boiling Water in the open Air. In the Veſſel B, 
however, where there was but juſt now a heat of 91 degrees, you ſee, there is 

yet no ſuch agitation. But having now drawn out more Air by the Pump, 
there appears in B too, the like production of Bubbles; fo that there is now an 
ebullition both in A and B, but none yet in C. Having now, however, drawn out 
a great deal more Air, an ebullition at length is produced in C likewiſe; and all 
of it being now exhauſted, the boiling continues for a very conſiderable time. 
Hence then we infer, that pure elaſtic Air, in a certain quantity, lies inſenſibly 
- concealed in Water, without any diſcovery of itſelf in the cold, and under the 
preſſure of the Atmoſphere ; and yet in the Experiments of the Academy del 
Cimento, Water, though it contains in it this latent Air, which is fo compreſſi- 
ble, could not in any manner be itſelf condenſed by weights. For this reaſon 
therefore we conceive, that the Air which inſinuates itſelf into Water, is there 
lodged in the interſtices which are left between the Elements of the Water, 
which are in contact with one another, and cannot themſelves enter into thoſe 
vacuities; but that it does not interpoſe itſelf between the Elements of the Wa- 
ter, where thoſe Elements can naturally touch one another, and by this means 
hinder them from coming together; for in ſuch caſe, the Water, which con- 
tains this Air, would likewiſe be compreſſible. Thus, then, we are certain, 
that the Air poſſeſſes only thoſe vacuities, which are conſtantly left between the 
immutable Elements of the Water, and which are not to be altered or diſturbed 
by any varied firuation of theſe Elements, being, perhaps, whilſt it is at reſt 
there, divided into its perfecty diſtinct elementary Particles. Hence farther, we 
are induced to believe, that this Air, ſo lodged in the Water, and not diſcovering 
itſelf for ſo long time in the Cold, requires, in order to its being retained there, 
that the Water be compreſſed by the force of a ponderous Atmoſphere z but 
that when the particles of the Water are compreſſed together by an effort leſs 
ſtrong, then theſe latent Elements of Air elevate the incumbent Water, diſen- 
gage themſelves from the interitices where before they lay quietly hid, and then 
leave thoſe interſtices empty of Air. In the third place, we lee likewiſe, that 
Heat diſpoſes the intercepted Air to extricate itſelf with greater eaſe from the 
ſurrounding Water z and that in ſuch manner, that the hotter the Water 1s, 
the more readily, in proportion, will the Air get out of it. Hence therefore, 
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when Water has boiled on the Fire for a conſiderable time, having by that means 
acquired its greateſt Heat, it will have expelled almoſt all the Air that was 
contained in it. And in the fourth place, we learn likewiſe from Experiments, 
that every ſort of Wine, Malt Liquor, and Spirits of Wine, do in Mr. Boyle's 
Air-pump diſcharge themſelves of theſe aerial Bubbles ſo much the ſooner as 
theſe Liquors a bound with a greater quantity of inflammable Spirits. 

Bur this other Experiment, which now . will make all theſe things 
more evident. You ſee I take a cylindrical Veſſel AB, with a flat bottom, and 
fill it half full of common clean Water. I have likewiſe a ſpherical glaſs 
Bottle CD compoſed of a Belly C and a Neck D which I fill quite full 
with the ſame Water. Then with my Finger laid upon the Mouth D, and 
touching the very Water at the top of the Neck, I fo immerge this Neck D 
into the Water in the Veſſel AB that no Air can poſlibly enter into it, and 
hence the Bottle remains ſtill quite full of Water, without the leaſt Air at top. 
Both theſe Veſſels then thus diſpoſed, I put, as you ſee, under the Bell upon the | 
Air-pump. And you obſerve, now, whilſt I exhauſt almoſt all the Air, that 
the Water in the Belly of the Bottle C deſcends by its gravity through the 
Neck D, into the Veſſel AB, becauſe the Surface of the Water in the Veſſel 
AB is no longer preſſed by the weight of the Atmoſphere. In the upper part 
therefore of the Belly C above the deſcending Water, there is now formed a 
Torricellium Vacuum. Hence the Water is there preſſed by nothing, but exiſts in 
vacuo. And by this means the Air which is in the Water in this Bottle, pro- 
duces a vaſt number of Bubbles; all which make their way through the Wa- 
ter in the Neck and the Belly, towards that upper vacuum, and there burſtin 
aſunder, give you all the Air which is collected out of the Water in the Bot- 
tle CD. I leaveevery thing now in this ſtate till no more Bubbles are formed, nor 
aſcend into the upper part of the Bottle; and then, as you ſee, I let the Air into the 
Bell, which immediately preſſing upon the Surface of the Water, in the Veſſel AB, 
forces up the Water thro? the Mouth D into the Belly C; and now you perceive, that 
tho? there is a free communication with the external Atmoſphere, yet the Water 
does not quite fill the whole Belly C, as it did before, but there remains in the 
upper part an aerial Bubble, conſiſting of true elaſtic Air, which was forced 
out of the Water in the former operation, in thoſe little Bubbles, which were 
then produced, and there burſt aſunder. Nor were thoſe Bubbles generated 
there, till the greateſt part of the Air had been exhauſted out of the Bell. Nor 
indeed do theſe little Bubbles ever ariſe from this Water, *till it appears by the 
Mercury in the Barometer, that the weight of the Atmoſphere under the Bell is 
diminiſhed more than one tenth of the whole. Since, therefore, the greateſt va - 
riation of the weight of the Atmoſphere with .us never exceeds one tenth part, 
hence there will never be any danger of Water's diſcharging the. Air that is 
contained in it. But Water, likewite, made ninety degrees hot, and then freed 
in the Air-pump from a tenth part of the weight of the Atmoſphere, does not 
even then ſend out its Air by Bubbles ; and hence the Air likewiſe in the Fluids 
of our Bodies will never be ſeparated from our Blood, or Humours, by the 
greateſt lightneſs of the Atmoſphere that ever is obſerved amongſt us, as by a 
particular Experiment too I ſhall demonſtrate hereafter. It happens, indeed, 
1ooner in this hot Water, than it does in colder ; but yet even here it js not ob- 
ſervable, upon a diminution only of a tenth part of the aerial preſſure. But you 


will 
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will be apt to ask me now, Gentlemen, and that very juſtly, how I know that 
the great Bubble in the upper part of the Belly is true elaſtic Air? This, I con- 
feſs indeed, it is abſolutely neceſſary that I ſhould demonſtrate. The reaſon 
then that I look upon this to be true elaſtic Air is, firſt, becauſe, as you ſaw 
yourſelves, it expands and contracts itſelf in proportion to the compreſling 
weight; and in the ſecond place, becauſe if Heat is applied to it, it expands 
itſelf into a much larger Space, and if Cold acts upon it, it contracts itſelf 
into a far leſs: But that theſe are the peculiar and moſt certain marks of 
Air, who will go about to diſpute? But there is another Thing ſtill that muſt 
be cleared up, and that is, whether the Air produced in this manner be really ex- 
hauſted out of the Water; or whether it only comes from the interſtices between 
the Surfaces of the Water and the Glaſs; for this indeed ſeems to be evideat 
to the Eye, as I obſerved to you but very lately. 

But if I am not very much miſtaken, there are not wanting arguments to within the 
prove, that it ariſes out of the very Water itſelf. This is very evident, if we conſi- Water itſelf 
der, firſt, that a very different quantity of this Air is produced from the ſame 
quantity of different L.iquors; for Mercury, Water, Wine, Spirit of Wine, 

Beer, Alcohol, Wine that is foul, and that is fermenting, Beer not duly work'd, 
and Muſt, differ incredibly in the quantity of Air which they thus generate in 
vacuo; whence it plainly appears, that this Air is ſeparated, not from the Sur- 
face only, but from the inmoſt receſſes of Water, and other Liquors. And if 
I we add to this, that there are ſome Fluids, which in this way generate no Air 
. at all, our opinion will be ſtill farther confirmed. Thus, for inſtance, Oil of 
ö Tartar per Deliquium, tho? it is produced itſelf in the Air, will ſcarcely yield 
any Air, if it is treated in the ſame manner. And, which one would hardly 
believe, even the Spirit, which we call the alcaline, volatile Spirit of Sal ammo- 
niac, if it is very ſtrong, will afford but an exceeding ſmall quantity of Air, 
in the ſame Experiment. But there is another Argument, which will ſerve as a 
farther confirmation of this truth, of which I ſhall quickly give you ocular 
demonſtration; and that is, that the whole quantity of that Air, which was 
produced after this manner, may intirely be abſorbed again by the ſame Water 
out of which it was drawn, and that no more than that quantity, exactly, can 
by any art or power be forced into it. All which conſiderations, if you weigh 
— them with due attention, will furniſh you with arguments ſufficient to convince 
you, that far the greateſt part of that Air was really exhauſted from the very 
Body, or inmoſt parts of the Water. | OO. 
And finally, we may add, that this Air, by the ſame Experiments, has been And in at! 
drawn likewiſe out of Vinegar, Spirits of Wine, Urine, Spirits of Urine, Oil, * 
Water and Oil, expreſs'd Oil, diſtill'd Oil, Milk, Blood, the Serum of Blood, 
Eggs, the White of Eggs, nay, and laſtly, even from Mercury itſelf. But here 
let me obſerve, that if this Experiment is made with boiling Water, which has 
boiled continually for the ſpace of an hour, hardly any Air at all will be got 
out of it; ſo that this doctrine ſtands upon a firm foundation. | 


EXPERIMENT V. 


If Water is by boiling accurately deprived of all the perfectly elaſtic Air that is Ar wil en- 
diſperſed through ir, and afterwards, being cooled to the temper of the Atmo- ber ige War 


. . : . . ter that is 
ſphere, is expoſed to the common external Air, then will the elaſtic Air ſponta- yiidof Air. 


Q q 2 neouſly, 
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neouſly, and pretty quickly, enter into this Water, which is now void of Air, 
and again lodge itſelf in the ſpaces left between the interſtices of its Elements, 
and that always to a determined quantity. This wonderful relative property 
between Water and elaſtic Air, is demonſtrated to the eye in the following man- 
ner. Take the whole Apparatus of Veſſels, made uſe of in the ſecond part of 
the 4th Experiment, juſt now exhibited, where the elaſtic Air was collected at 


the top of the Belly of the inverted Bottle. If, then, that aerial Bubble 1s com- 
preſſed with the machine uſed for condenſing of Air, the Bubble will not by 
that means intermix with the Water: But if I expoſe this whole Apparatus to the 
external Air, then this Bubble will in a little time begin to diminiſh, and at laſt 
will ſo perfectly vaniſh, that there will not be the leaſt Air left at the top, but 
the Belly of the Veſſel will be again quite filled with Water only. And this Ex- 
periment is conſtantly obſerved to proceed in this manner, namely, that in the 
beginning, a great portion of this collected Air enters pretty quickly into that 
Water, deprived of Air, but that the little quantity that then remains makes 
its way in but very ſlowly. Hence, therefore, it follows, that Water will always 
_ again exactly the ſame quantity of Air as has been drawn out of it 
efore. | 

* The«vent, now, of this Experiment is pretty extraordinary, when it is 
attempted with Water, which is already naturally ſaturated with Air. If there- 
fore, inſtead of drawing the Air out of the Receiver, and thus forming a Bubble 
at the top of the Bottle, I take the ſame Bottle, and not filling it quite full, 
with my finger upon the Mouth, invert it into the other Veſſel, then a Bubble 


will retire to the top of the Water in the Bottle, and if I then ſet by the Veſ- 
ſel in this manner, for the ſpace of a year, the aerial Bubble I let in will never 


enter into the Water, but will always remain at the top, without being mixed 
with it. Nay farther, in what manner ſoever I ſhake theſe Veſſels, I ſhall never 
be able to make that Air inſinuate itſelf into this Water. This Bubble indeed 
would be divided into other ſmall ones, but do what I could, it would never be 
mixed and diſtributed through the Water, in ſuch a manner as to become in- 
viſible. I have tried what could be done by preſſing, heating, cooling, ſhaking, 
and laying it up for ſome time; and yet ſtill that Air conſtantly remained at 
top in the ſame quantity; nor was it poſſible to intermix any more with the 
Water, than what it had ſpontaneouſly taken in from the common Air. 


This Doctrine of our Author, that Air will not be abſorb'd by Water that is already ſaturated, does 
not appear conſtantly to be agreeable to a ee. as upon trial, at the hint of the learned Dr. Furin, 
I obſerved in the following manner. I took a common Florence Flask, and filled it almoſt full of Wa- 
ter, and after letting it ſtand ſome time, with my Finger upon the Mouth of it I inverted it, and 
by this means procured a Bubble of Air at the top. I then, with my Finger {till applied to it, immerg'd 


the Neckof the Flask into a wide-mouth'd Square, full of Water, upon which, drawing out my Finger, I 


left the Flask ſtanding in the Mouth of the Square. In this manner I put it out of the way, and ex- 
amining it from time to time, found the Bubble gradually leſſen, till it at laſt intirely diſappeared. This 
I repeated ſeveral times, with the ſame Succeſs. When the Bubble was ſmall, it was taken in in a 
few days, and as near as I could judge, faſter in proportion than the large ones. The Diminution too 


of the large ones, at the beginning, was more ſenſible than afterwards, as I ſaw evidently in one of an 
inch and three quarters in diameter, ſet the 4th day of June, which, though it was conſiderably dimi- 
niſhed the firſt month, yet is not this 10th of December reduced to an inch. Whether this, therefore, 
will be totally imbibed by the Water, or not, I cannot yet determine, not having made trial of ſo large 
a one before, but one of 
abſorb'd. 


about zths of an inch, by ſtanding in the ſame manner, in time was perfectly 


I In 
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In the proſecutions, now, of theſe Experiments, I could not help being ſur- 4 
prized, when I obſerved how ſmall a part of the Surface of the Water was un "pany 
come at by the Air, collected. into a Bubble on the upper part of it; and yet through the 
ſaw, at the ſame time, that all that Air inſinuated itſelf by ſo ſmall a part of ct the ws. 
the Surface throughout the whole body of Water, out of which it had be- ber. 
fore been drawn, And doubtleſs, it had then diſtributed itſelf equally, through- 

out all the interſtices of the whole Water. There mult neceſſarily, therefore, 

be in Water, a certain attracting, imbibing power, in reſpect of that Air, thus 

drawn from ſo little Space, through all its parts; for this Air ſtands in no need 
of concuſſion to force it into the Water ; let it but alone, and it will make its 
way in of its own accord, 15 | | 

The illuſtrious S airs, in his very elaborate Philoſophical Works, was induced Theſe Bub- 
by many reaſons to be of opinion, that there never was any true Air in Water, — wal 
and that thoſe Bubbles produced from Water, in the Air-pump, did not ariſe Fire. 
from true elaſtic Air; but that in Water there always reſide little active Fires, 
which making their way through the Water, when this is freed from the preſſure 
of the Atmoſphere, and by their levity tending upwards, form thole little Bub- 
bles which preſently burſt aſunder. I am apt to believe, however, if that worth 
Gentleman, whoſe candour and virtue are every where ſpoke well of, had 
ſufficiently conſidered theſe laſt Experiments, he would have been of another opi- 
nion: For then, in theſe collected Bubbles, thus produced, he would have 
found all the true characters of pure Air. See Stair's Philoſoph. Experim. p. 572. 

Let theſe things ſuffice then, touching the firſt method of ſeparating elaſtic Air 


from Water, by removing the compreſſing weight. 


EXPERIMENT VI. 


It is very entertaining to ſee the manner in which Fire ſeparates this Air from Air is ſene- 
Water, and to obſerve this Air, when it is thus ſeparated, and collected together, b 
which is very eaſily performed by the follow ing curious Experiment. Take a bons. 
large wide Veſſel AB, able to bear the Fire, let the bottom of it be flat and pig. z. 
plain, and let it be filled with common Water. Then let there be put in this 
Veſſel, a Funnel, ſo large, that the broadeſt part of it may nearly cover the bot- 
tom; and let the Neck of the Funnel CD be wholly immerſed under the ſur- 
face of Water contained in the Veſſel AB. Let there then be provided a little 
glaſs Bolthead or Vial EF, the mouth of which is wide enough to admit the 
Neck of the Funnel. I now fill this Vial up to the top with Water, and hav- 
ing ſtopt the Mouth of it cloſe, with my Finger, I invert it, and thus let it down 
into the Water in the Veſſel AB, ſo that no Air at all can get up into it; and 
then, as you ſee, I put the Mouth of the Vial E over the neck of the Funnel 
CD. This done, I put the Veſſel AB with all its Apparatus upon the Fire, ſo 
that the whole may grow hot gradually, and at length the Water in the Veſſel 
AB may boil briskly. And when this is the caſe, then the Water of the 
Veſſc] boiling under the Funnel, will determine the Air of the Water, which 
is now formed into Bubbles and tends upwards, through the Funnel into the 
Neck of the Vial, and thence into its Belly, and ſo collect it together in the 
upper part F. This then being continued for ſome time, there will at the 
top F be contained true Air thus ſeparated from the Water which boiled under 
the Funnel in the Veſſel AB. And this Air, again, will have a perfectly elaſtic 


quality, 
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quality, and can be drawn out of the Water only in a certain and determined 
quantity, beyond which no more Air can be procured, how long ſoever the 
boiling is continued. In this Experiment, now, there occurs a Phenomenon 
that is pretty remarkable; for when the boiling Water has thus ſent up in Bub- 
bles all its contained Air to F, there nevertheleſs, in the courſe of the boiling, 
are produced other Bubbles, with a ſudden and conſiderable impetus, which 
burſting with a great force, ſhake the Water and Veſſels, but do not by this 
means produce any Air. Theſe Bubbles, therefore, ariſe not from Air, but from 
the Fire which acts in the Water. Theſe therefore continue to the end, tho? you 
boil the Water ever ſo long; whereas the aerial Bubbles are quickly over: 
Theſe likewiſe are large; whereas the Air-ones are but ſmall: Theſe burſt aſun- 
der with an impetus like that of Wind; whilſt the others diſcharge themſelves 
very quietly : Nor do theſe, as I obſerved before, generate any Air, though fo 
_ exceeding large. And for this reaſon the excellent Mariolte gives to theſe Bub- 
bles the name of Fulminations. And if the famous Stairs, in the Place above 
cited, means theſe Bubbles, he is ſo far in the right. Theſe things, then, being 
done, and the Air being collected at F, if the whole Apparatus is ſet again in 
the cold, the generated Air will return into its proper Water, out of which it 
was exhauſted, Having gone through this Experiment, with the ſucceſs I have 
now told you, I had a mind to proſecute this inquiry farther. Accordingly I took 
Rain-water, and kept it boiling very briskly, for the ſpace of two hours. This 
Water I then placed, boiling hot, with the Apparatus of the 4th Experiment, 
under the Bell, and drew out the Air, as carefully as I could; and at that time, no 
Air was produced in the upper part of the Belly of the Bottle. Afterwards, 
however, having thus kept the Water in this Vacuum for ſome days, there aroſe 
from it at laſt a pretty large quantity of Air. Surprized at this event, I was in 
doubr, whether, perhaps, the very Water was not tranſmuted into Air, by re- 
maining ſo long in Vacuo? Or whether the Air was not ſo intimately mixed 
with the Water, that it could not be intirely expelled by boiling 3; though by 
the Water's being thus left in vacuo, it might, by length of time, have thus 
ſlowly diſengaged itſelf from it? | 


EXPERIMENT VII. 

Air is ſepa - I took ſome Rain- water, and put it in a very diverging, conical, glaſs Veſſel, 
mated from and then expoſed it in a hard Froſt. Some time after the Particles of the Water 
Froſt. began to be conſtringed by the Cold, though it is not poſſible to condenſe it 
by the preſſures of the greateſt weights. But when the Particles of the frozen 

Water, thus more cloſely contracted, begin to leſſen the little Spaces intercepted 

between them, the Elements of the Air, which before were lodged in them, be- 

ing now preſſed out of 'em, become united with one another; and by this 

means, while theſe elaſtic Elements, which before exiſted ſeparately, come in- 

to mutual contacts, they ſeem, by their reciprocal repulſive force, to acquire an 
Elaſticity, which they had not while they were apart from one another. Hence 

then, little Bubbles begin to be generated, which grow larger and larger, increaſe 

in number, become at length of a conſiderable ſize, and tending upwards, 

and being lock'd up within the hard Ice, remove it by means of their Elaſtici- 

ty, and, notwithſtanding its hardne's, make it ſwell out on every fide, and by 

this means break aſunder the Veſſel that contains it. And here we obſerve, 
that 
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that the harder and longer it freezes, the greater, always, more numerous, and 
ſo much the ſtronger, likewiſe, are theſe aerial, elaſtic Bubbles. Hence it comes 
to paſs, that Water ſeems to increaſe in magnitude by Cold; whereas, in rea- 
lity, the Ice itſelf is leſs than the Water was; but theſe Bubbles of Air, thus 
generated, whilft they form within the Ice pretty large Spaces, where there is 
no Ice at all, muſt neceſſarily increaſe its dimenſions ; and by this means, like- 
wiſe, they acquire that prodigious power by which they become capable of 
ſplitting the Veſſels in which they are confined, If, therefore, the Froſt is ver 
ſharp, and of a very long continuance, then all the Air, before diſtributed through 
the whole body of Water, extricates itſelf from the pores of the Ice, is 
united into tlioſe icy Bubbles, and diſengaged from the Water. This then is 
another, and new method, by which Air is ſeparated from Water. 


ExPERIMENT VIII. | 


Whilſt Oil of Tartar per Deliquium is prepared from the Water diffuſed through air is fepa- 
the Air, one would readily believe, that this trothy ponderous Liquor muſt be yu fon 
full of elaſtic Air; and yet upon examination in the manner uſt deſcribed in Alcali, is 
the preceding Experiments, it evidently appears, that whether the preſſure 
of the Atmoſphere is taken off of it, is boiled at the Fire, or conſtringed by 
Cold, this Liquor will afford no Air at all. Hence therefore we learn, that a 
fixed alcaline Salt, whilſt it inſinuates itſelf into Water, expels the Elements of 
Air which are lodged there, and takes poſſeſſion itſelf of thoſe little vacuities, 
and thus conſtitutes a Fluid which is the heavieſt of all we are acquainted with, 
except Mercury, being in weight to Water, as 7 is to 5. See Boyle's Mech. 

Exper. p. 26, 27. Or rather, don't it fix the Air? 


EXPERIMENT IX. 


The following Experiment concerns both the Chemiſt, Mechanic, and Phy- Airout of a 
ſician, and therefore deſerves their attention. I took the Urine of a very hear- 3 
ty Man, made in the morning, after he had his full Sleep, and whilſt he was 
faſt ing, and put it into a Glaſs Veſſel that was warmed to the ſame degree of 
Heat as is obſerved in a Man in health, This Veſſel and Urine, the ver 
moment it was diſcharged from the Body of the Man, I put upon the Air-pump, 
under a glaſs Bell, and drew out the Air as faſt as J could; and yet, for a 
long time, I perceived no ſign of any Bubbles of Air in this Urine, though it 
was ſo warm. I imagined, therefore, that there was no Air in Urine that could 
be ſhewn by this Experiment. And ſince this Urine was go degrees hot, and the 
Air was exhauſted to 26 inches, and yet there did not appear the leaſt ſign 
of any ebullition, would not any other perſon have been of the ſame opinion? 
When I had drawn the Air out however to 27 inches, then ſome Bubbles began 
to ariſe; and as I proceeded to draw out more, all on a ſudden, the Urine in 
this vacuum began to boil with ſo much violence, as it never boils in a Veſſel 
upon the open Fire. At the ſight of this I confeſs I was very much ſurpriz- 
cd: For whence could proceed ſo ſudden, and ſo violent an agitation in a Li- 
quor which was before ſo quiet? How comes it to pals, that the very little portion 
of elaſtic Air, which was exhauſted at laſt, ſhould (after it had born the At- 
moſphere's being removed to 27 inches, without any ebullition) at once produce 
ſuch a prodigious alteration? Did this ſudden alteration ariſe from the Air of 
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the Urine, or from the Fire then reſiding in it, or from both together? Many 
other Experiments of this kind I made with various animal Fluids, with very 
ſtrong Lixiviums of Sea Salt, Sal. Gem, Salt of Nitre, Sal-Ammoniac, volatile, 
alcaline Sal- Ammoniac, and with Mercury. If you would do the fame, you 


would not at all think your time ill ſpent. To eater into a particular account of 


theſe things, would be tedious both to you and myſelf. 


CORD be-t> Eh | 

Elaſtic Air, therefore, notwithſtanding its Particles adhere to one another, 
with ſome kind of tenacity, diſſolves itſelf into its minuteſt Elements, that it 
may ſpontaneouſly inſinuate itſelf into the vacuities of Liquids that are void of 
Air, and ſo diſperſe itſelf throughout their whole maſs, That Air, therefore, is 
drawn into thoſe Liquids, and thoſe little Spaces. 


CORO Lt 2. 

And the Air ſo attracted into the Interſtices, between the Elements of Liquids 
void of Air, is in that very action diſſolved into its leaſt parts; inaſmuch as ir 
is diſtributed through the large body of the whole Liquid, 


LOkOk $ | 
But the quantity of Air, which after this manner is imbibed by Liquids, and 


_ diſtributed through their whole large Maſſes, is very little in quantity, and takes 


up but a very little room in thoſe Liquids, 


| ; CORO: <4 
And when thoſe Liquids, of whatſoever kind they be, are once ſatu rated 
with that ſmall portion of Air that they have imbibed, they will then receive 
no more of that Air afterwards, whatever art, motion, or compreſſing force is 
uſed to effect it; but they reje& the Air, which is then ſuper-added, repelling 
it from them in Bubbles or Froth. LS 


CORD hy if 
But Liquids alſo, particularly aqueous ones, when they are perfectly ſaturated 
with certain Salts, will not diſſolve any Air after this manner. 


ond. ©, 
One Particle of Air thus diſſolved, when it exiſts ſeparately in the Interſtices, 
which remain between the contiguous Elements of Liquids, does not ſeem to 


be Air, as Air is deſcribed by its phyſical marks. For one ſach intercepted 


particle, ſo long as it remains alone, within the Elements of Water which ſur— 
round it, and by this means cannot touch ſuch another like Particle, does 


not appear to be elaſtic; for this is not evinced by any Experiment. Nor, be- 


ſides, is ſuch a ſingle Particle fo eaſily dilatable by Heat, inaſmuch as it re- 
quires a pretty conſiderable one before it begins to make its way out of its Li. 
quid. Nay farther, though the Mercury in the Barometer deſcends 25 inches, 
ſuch a Particle does not extricate itſelf out of the Water. As therefore on 
Magnet, by itſelf, in reſpect of another Magnet at a diſtance, would not effec; 
any magnetical Operations, and could hardly in this circumſtance be ſaid to be. 


Magnet ; 
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2 e * . — 4 


Theory of the ART. 

Magnet; ſo in the ſame manner may we conceive of the Particles of Air: But 
as this Magnet, when it is brought ſo near the other, as to be within the ſphere 
of its activity, immediately diſcovers its vertues ; juſt ſo again it happens 
with the ultimate Particles of elaſtic Air. 


. . | | 
But when two ſuch ultimate Elements of Air are by any cauſe whatſoever 
forced out of their little watery Receptacles, and ſo united as perfectly to 
touch one another, they then ſeem immediately to exert a reciprocal repulſive 
force, and thus at laſt to form a Bubble of the very ſmalleſt ſize. 


CoRroL. 8. | 
This little Bubble then, which is the leaſt poſſible one, as it conſiſts only of 
two Particles, acquires again all the qualities of elaſtic Air abovementioned. 
And this which is generated at the very bottom of the Liquid, as it tends up- 
wards, paſſes through the Interſtices left between its Elements, where meeting 


with other ſingle Particles of Air, itunites with them, and by this means forms 


a larger Bubble; and this likewiſe ſtill tending upwards, and joining itſelf in 
like manner to other Particles all the way from the bottom to the top, is al- 
ways the leſs preſſed, the nearer it approaches to the Surface of the Liquid. 


Conor. 9. 


From what has been advanced, it ſeems likewiſe to follow, that Salts are 


leſs attractive of this elaſtic Air, than Liquids are, eſpecially aqueous ones. 
CoROL. 10. 
In every Liquid hitherto known, there ſeems to be contained one certain de- 


termined portion of Air; always, indeed, a very ſmall one, but very different 
in different Liquids. - 


CORrOL. FU. 

Hence it may be queſtioned, whether that Air, which in the juices of Vegeta- 
bles produces the mighty effect of fermentation, is, in reality, that Air which 
- «exiſts in ſingle Particles in their ſmalleſt Pores? Or rather, whether that united 
and truly elaſtic Air, is not contained in the Air-pipes diſcovered by Malpight, 
and called their Wind-pipes? Or laſtly, whether it is not the external Air, 


which commonly intermixes itſelf with theſe fermentable vegetables, during the 
ſtirring and working them about ? 


Goleo. 18, 
The elaſtic Air, which is divided into its minuteſt parts, and is thus contained 
in the Fluids of Animals, does not ſeem to be the cauſe of the putrefaction 
which they are ſpontaneouſly diſpoſed to; becauſe, without the admiſſion of 


the external Air, they .are hardly brought to putrefaction; but when this is 
let in upon them, they putrefy immediately. 


N ExXxPERI- 
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tity of Air 
in Water, is 
greater than 
the Water 
itſelf. 

Pl. VIII. 
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| „„ EFELTMENT © ; 
This elementary elaſtic Air, which is thus divided into its ſmalleſt parts, and 
diſſolved and diſperſed through Water, ſeems there to take up but a very little 
room, which does not fall under the obſervation of our Senſes: And yet, 
when it is drawn out of the Water, and collected into one ſpace, it then takes 
up a larger compaſs, than all the Water does out of which it was exhauſted, 
The truth of this paradox is exhibited to the Eye by the following very ele- 


gant Experiment. Take a parallellopipedal Veſſel AB made of Copper. At 


the bottom let there be made a very little impreſſion or cavity C, big enough 
only to hold a drop or two of Water; let there be provided likewiſe a ver 

ſmall conoidal glaſs Veſſel D, open at the baſe, like a common Thimble ; by 
which name 1 ſhall here call it. Let then the Veſſel AB be filled ſo high 

with very pure expreſſed Oil, that the Thimble D ſtanding at the bottom 
of the Veſſel AB, may be quite covered. This done, let the Thimble be 
laid upon its fide as in P, fo that there may be no Air at all in it, but that 
by this poſition, it may be quite full of Oil: Theſe things being thus diſ- 


Poſed, ler the Veſſel with the Oit and Thimble be ſet on the Fire, that the Oil 


in the Veſſel, and conſequently in the Thimble, may boil ; and let the boiling 
he continued, till the crackling noiſe of the Oil is quite over. By this means, 
then, the Air, and Water, which happened to be in the Oil, or about the 
ſides of the Veſſel, or the Thimble, will be intirely expelled, and the Oil will 
be totally freed both from Water and Air. This done, take the Veſſel off of 
the Fire, and let every thing in this ſituation ſtand to cool; and then, let a 
Crop of Water, by means of a little glaſs Pipe, be convey'd through the Oil in- 
to the little cavity C, which by means of its own weight, will be kept there un- 
der the Oil. Then let the little glaſs Veſſel D, keeping it always under the 
Oil, leſt any Air ſhould get into it, be placed with due caution ere& over the 
little cavity C, ſo that the middle of its open Baſe may be very exactly over 
the drop. By this means then, as very evidently appears, the Thimble will be 
quite full of Oil, all Air and Water being excluded. This duly perform- 
ed, let the Veſſel AB, with its apparatus, be ſo placed upon a ſtand, that the 
Flame of a Candle may be commodiouſly applied to the little convex- 


_ Ity, at the bottom of the Veſſel, in the hollow of which is lodg'd the drop of 


Water. Let then the Flame be applied to that part, but in ſuch a manner, 


that the drop of Water may not be made hot at once, but very gradually. 


The drop then heated in this manner, and at length boiling, will produce a 
wonderful crackling noiſe, and being under the Thimble, or little glaſs Veſſel, 
and kept down by the Oil, will diſcharge itſelf of its Air into the upper part 

of the Thimble, where it will take up a very.large ſpace while the Heat is 
continued, and will proportionably drive out the Oil; and the motion of this 
little crackling drop, will often be ſo great, as to lift up the whole Thimble. 
When at length, by this method, all the Air is expelled out of this little dro 

of Water, let the whole ſtand and cool. The Air then in the little glaſs Vet. 
ſe] growing cool, will be preſſed into a Bubble, collected at the top of it, and 
appear of a greater bulk than the drop of Water out of which it was thus 
drawn, When you are perfectly ſatisfy'd of this, let the whole 8 be put 
under a glaſs Bell on the Air- Pump, and let the Air be exhauſted; and you 


will 
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will then ſee how that Bubble of Air in the upper part of the Glaſs will 
expand itfelf, and drive out the Oil, and thus evidently demonſtrate a true 
aerial elaſticity upon the removal of the compreſſing Atmoſphere, as it did 
before upon the augmentation of the Heat: But as ſoon as ever you let in the 
Air again, the Bubble will be reduced to its former fize ; ſo that you cannot 

doubt, but that the Air, which is generated by this Experiment, is true elaſtic 

Air. | 5 | | : 
From this Experiment, therefore, we learn with the greateſt certainty, Air, while 


that Air, whilſt it is diſſolved in Water, is by no means ſuch a Liquid, now in Neter, » 


8 f 1 L TE 
its Elements are thus divided, as the fame Air conſtitutes, when it is drawn out 


of the Water, collected, and has its elaſtic Particles united into one Bubble. 

And it is farther certain, that the Air which lies concealed in Liquids, has Nor does it 
not, there, thoſe phyſical vertues, which it poſſeſſes, when it is united out of on is Ales 
them : So that it will never perform the ſame Operations in both theſe circum- 
ſtances. Thoſe Gentlemen, therefore, appear not to reaſon ſo juſtly, who, 
after they knew that Air might be procured from Liquids, have concluded, 
that the Air, whilſt it remained in thoſe Liquids, had there all the active force, 
which it diſcovered when it was drawn out of them. But in this affair indeed, 
almoſt all Authors, even Men of great penetration, have been deceived. Of 
this let the great Borelli be an inſtance, in his very excellent Treatiſe of Animal 
Motion, where he talks of a vital oſcillation of elaſtic Air in the Blood. Warn'd 
therefore by theſe Examples, let us learn to reaſon cautiouſly, and prudently, 
leſt at any time we ſhould be refuted by our own Experiments. But here again, 
we diſcover another wonderful Paradox, and that is, that the elaſtic Parricles 
of the Air, while they exiſt ſeparately, and apart from one another, take up a 
leſs ſpace, than the whole of them poſſeſs, when they are collected into one 
Body. Re | | 
| The power therefore which the Air has of expanding itſelf into larger ſpa- The elaſtici- 
ces, ariſes from the approach of its Particles nearer to one another. Do they *7.* the 
then, when they are very nearly united, repel and fly back from one another ? pot to the 
This was the opinion of the incomparable Newton, and the continual advances wion of its 
that are made in experimental Philoſophy, make it every day more and more 
probable. | 

Now, from our Doctrine of the nature of the elaſticity of the Air, we learn, Tue elaſtie 
that Air, when it exiſts in ſingle diſtinct Elements, can make its way through parts are ve- 
very ſmall paſſages: For Water, which always of itſelf contains a certain por- cing. 
tion of divided Air, will paſs, together with its own Air, through every thing, 
through which it can itſelf naturally make its way. This appears evident from the 
Experiments upon Animals, Vegetables, and even upon Foſſils; ſince in the Wa- 
ter drawn out of all theſe, there is always elemental elaſtic Air. For this rea- 
ſon, therefore, ſuch Air cannot be excluded thoſe places, into which the Li- 
quids which conceal it can enter: And hence elaſtic Air, in this ſenſe, diſperſes 
itſelf through Bodies very extenſively, | 


But now, when theſe aerial Elements are united, and conſtitute a part of the Ar itfelfs 


. 1 not very pe- 
co nmon Air, they will not then make their way through thoſe Meatns's into netiating. 


which they could eaſily inſinuate themſelves, when they were intermixed with 
Liquids, Nor will the ſmalleſt bubble of Air be able to paſs through thoſe 
places through which a Liquid with its Air would be admitted. And farther, 

| or 0 theſe 
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theſe Elements of Air can hardly by any means be made to paſs through Li- 
quids, which are already ſaturated with Air, tho' at the ſame time they will 
ſpontaneouſly, and very quickly inſinuate themſelves into thoſe that are void 
 & | : 
For theſe reaſons, then, at length, we may perhaps fairly conclude, that it 
is nearly true in general, that Air, whilſt it is diſtributed through, and in- 
termix'd with Liquids, does not act in thoſe Liquids, with any power which. 
is ordinarily aſcribed to the common Air, For it appears from Hydroſtaticks, 
that when a very deep Veſſel is filled with any Liquid, the preſſures of the Li- ; 
quid at different depths, are as thoſe depths, or the diſtances from the upper : 
Surface. At the bottom, therefore, in this caſe, the preſſure will be greateſt of 
all; at the top very inconſiderable: And yet the Air in that Liquid, ſo long 
as it remains divided into its Elements, gives no manner of indication of this L 
diverſity of preſſure ; fince it neither appears below in a greater quantity, nor- ] 
above in a leſs; nor does it ſpontaneouſly paſs out at top; nor in vacuo do | 
the Bubbles appear to be generated in the upper part. But as ſoon as the Air, 
by the means abovementioned, begins to be ſeparated from the Liquid in which 
it is contained, it immediately puts on the nature of true Air, and acquires all _ 
its properties, In the Chyle, therefore, the Milk, Blood, Serum, Saliva, Bile, 
Pancreatic Juice, and Urine of Animals, there is naturally Air; but Air that 
is diſſolved after this manner into its diſtin& Elements, and therefore in that 
ſtate, does not act as Air. And as it has already appeared from ſome former 
Experiments, that this Air, whilſt it is divided into its Elements in the Pores 
of Liquids, is not able to diſengage itſelf thence by the aſſiſtance of any altera- 
tion of the Atmoſphere, which naturally happens, even tho? the Liquids are 
heated to 92 degrees, which is the greateſt Heat of a healthy Perſon : Hence 
it follows, that the Air which is diſtributed through the Humours of a living 
human Body, cannot naturally extricate itſelf from them "in ſuch a manner, as 
to collect itſelf within our Veſſels in form of aerial Bubbles, and thus produce 
there the effects of true Air. And if at any time this ſhould be the cafe, as 
the famous Ryy/ch makes mention, who found the Heart in a dead Body di- 
ſtended with an aerial Hatus, and as Hippocrates intimates, in his Treatiſe De 
Flatibus, where he ſuppoſes ſuch flatulencies to happen in the Blood- Veſſels, 
it preſently becomes fata]; as has long ago appeared to be true by ſome anato- 
mical accounts of Injections. See Harderi Apiarium, p. 114. and many other 
Authors, who have made the ſame Experiments, and always with the ſame 
ſucceſs. From theſe Obſervations, therefore, which are undeniably true, we 
may ſee what we ought to think of that Doctrine which has been laid down by 
very famous Men, concerning the mixture of the Air with the Blood and other 
Fluids, and the continual return of it from them again. 
4 produced Tt now remains in the laſt place, that by a few other Experiments which I ſhall 
ves and vie Make before you, we examine into ſome other Methods, by which elaſtic Air 
negar. may be produced from Bodies, in which it before lay concealed. For this 
purpoſe, I have ſo prepared my Air-pump, as to be able at pleaſure, to mix 
Bodies together in vacuo, which by proper contrivances, you will ſee, I ſhall be 
able to do very conveniently. You ſee here then, the whole Machine duly fit- 
ted up. Under this glaſs Bell, there is as perfect a Boylean Vacuum, as by 
pumping I was able to procure, In the barometrical Tube affix'd to the 
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Pamp, to ſerve as an Inder to the Vacuum produced, the Mercury ſtands at 
the height of twenty-eight inches and a half. In the little glaſs Veſſel under 
the Bell, there is a drachm and a half of whole Crabs-eyes. On theſe now I 
pour in vacuo an ounce and a half of diſtill'd Vinegar, which being warm, the 
greateſt part of its Air is thereby drawn out, as the Air is out of the whole 
Bell: And you ſee now, as ſoon as I have poured in the Vinegar, there ariſes an 
| incredible ebullition in the glaſs Veſſel ; and immediately the Mercury in the 
} barometrical Index deſcends, and that at ſuch a rate, that in the ſpace of half 
an hour, it ſinks twelve inches. This Receiver, out of which the Air is drawn, 
: and under which this Experiment 1s performed, will hold ſeven pounds and two 
3 ounces of Water ; and the Thermometer at this time ſtands at the degree 52. 
| - Hence, therefore, it follows, that there is here produced a quantity of Air 
| which fills a ſpace capable of holding 114 ounces of Water, which Air is in 
; denſity to the common Air, as 12 to 28 2, or as 24 to 57; and conſequently, 
; if the Air here generated was reduced into a ſpace capable of containing but 
48 ounces of Water, which is 81 cubic inches, ſuppoſing a cubic foot of Wa- 
ter to weigh 64 pounds, then this Air thus contracted, would be in equilibrio- 
with the whole Atmoſphere. And by the way, in this Experiment you have 
obſerved in the firſt place, that this ebullition is much briſker in vacuo, than 
under the weight of the whole open Air; and that therefore, the preſſure of 
the Vinegar upon the Crabs-eyes is not requiſite to this agitamon : In the ſe- 
cond place, that ſo much elaſtic Air is produced from theſe Bodies thus 
mix'd together, as fills up the ſpace of 81 cubic inches; and ſuch Air too, 
as by its elaſtic power is able to reſiſt the preſſure of the whole Atmoſphers : - 
In the third place, that this furprizing quantity of Air can lie concealed 
in theſe Bodies, ſo as not to diſcover itſelf in any manner, till this efferveſcence 
has diſengaged it from its confinement : In the fourth place, that hence it is - 
exceeding probable, that the elaſtic Air thus produced here, has no weight, as 
the common A ir has which is filled with Vapours. In the fifth place, we hence 
diſcover, what would be the conſequence, ſhould an Abſorbent like Crabs-eyes, 
an Acid like Spirit of Vinegar, and a Vacuum ever happen to meet together in 
the Veſſels of a human Body: For which reaſon alone, we begin to ſuſpect, that 
Efferveſcencies of this kind cannot be brought about in our I7ofels, ſince they 
would hereby produce ſuch a quantity of Air; whereas a little Air in the 
Veins becomes fatal. And in the laſt place, it hence appears, that a Vacuum 
within us would be of vaſtly dangerous conſequence. 
After I had made this Experiment, I took a drachm of Chalk, and poured From Vine- 
upon it in this vacuo two ounces of diſtilled Vinegar ; upon which there aroſe 3 
a more violent Efferveſcence, nay an exceeding violent one, much ſtronger 
than in the open Air. The whole Apparatus being the ſame, the Mercury in 
the Index fell from 28 2, to 6 inches: So that the generated Air reduced to the 
denſity of the external, would fill up a ſpace capable of containing 9o ounces of 
Water ; and conſequently, the ſpace of 151 cubic inches. 8 | 
But again obſerve, if you pleaſe, this Experiment, while I pour, 27 vacuo, From Oil of 
Oil of Tartar per deliquium upon diſtilled Vinegar ; what a ſudden and violent ee | 
ebullition is hence produced! and yet when we mix theſe two Liquids in the and Vinegar, 
common Air, there is at firft hardly any agitation diſcernible by our ſenſes ; 
as you yourſelves have ſo often ſeen, whilſt I have prepared before you the 


purging. . 
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Frem Oil of 


Tartar and 
Oil of Vi- 
:triol, 


52. 


uſe of that proportion. 


-ebullition that ariſes in vacuo, it ſhould be burſt aſunder. 
nkewiſe, in which this Efferveſcence is to be excited, ſhould be ſer on a large 
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purging Salt of Sennertus. This, therefore, you will again take notice of, 
with regard to the difference of an Efferveſcence produced in vacuo, or in the 


common Air. But what a large quantity of Air is here ſuddenly generated? 
and yet you remember, that upon examination of Oil of Tartar per deliquium, 


it did not diſcover any : And you know likewiſe, from the Obſervations of Mr. 


Homberg, that Vinegar is ſaturated with a very ſmall quantity of the Alcali of 


Tartar ; namely, with one 14th part. Hiſt. de! Acad. Roy. des Scien. T. I. p. 
Notwithſtanding which, however, they are capable of producing ſo much 
Air. What miſchief therefore would follow in a human Body, if ſuch a Va- 
cuum ſhould ever happen there, with the like Efferveſcencies in it! But in ple- 
no, as is evident, theſe Effervefcencies would be far leſs dangerous. How plain- 


ly, likewiſe, do we diſcover, that the preſſure of the Atmoſphere, in order to 


apply and force theſe Bodies to one another, is not at all requiſite to the pro- 


ducing theſe Efferveſcencies; fince we ſee by Experiment, that on the contrary, 
they are more impeded and reſtrained by it. They rather ariſe, therefore, from 


ſome peculiar innate power in theſe efferveſcent Bodies, which 1s the cauſe of 


all this their motion even in vacuo. And here, farther, we obſerve, that by 
means of ſuch Efferveſcencies, the Air which was in the Bodies before the Ef- 


ferveſcence, is diſengaged, and ſeparated from them. 


The Experiment which I am now going to make, is a very dangerous one, 
and therefore requires the moſt cautious management. We will try what will 
be the conſequence of mixing the beſt Oil of Vitriol, with the ſtrongeſt Oil of 


Tartar per deliquium in vacuo: And ſince we learn from the Obſeryations of 


Mr. Homberg, in the place laſt cited, that eight parts of the beſt dry Salt of 
Tartar will be ſaturated with 5 parts of Oil of Vitriol, I ſhall here make 
We know very well now, that in the open Air, an 
incredible ebullition ariſes from the mixture of theſe Bodies; and therefore, 
in the firſt place, I ſhall endeavour, as much as poſſible, to draw out all the 
Air that is contained in theſe Liquids, that the aerial expanſion may afterwards 
be ſo much the more moderate. And for the ſame reaſon, likewiſe, I have 
choſen for this Experiment, a Veſſel twenty times bigger than would be neceſ- 


ſary to contain theſe Liquors not expanded ; for there is danger, leſt by the 
And this Veſſel 


flat glazed Plate, left the acrid Liquor, which would corrode the Braſs, 
ſhould run over and damage the Pump. With theſe cautions, then, I thus per- 
form the Experiment. You ſee here under the Bell, upon the Air-pump, theſe 
two glaſs Veſſels, in one of which is the Oil of Vitriol, in the other the Oil of 
Tartar per deliquium. In the firſt place, then, I draw out all the Air that can 


be exhauſted by the Pump. Whilſt this is doing, you plainly ſee, thab no 
Air at all is come out of the Oil of Tartar, nor ſo much as one little Bubble 


produced in it. But on the other hand, having now exhauſted a great deal of 
Air, you perceive that abundance of Air ariſes from the Oil of Vitriol, and 
continues to paſs out of it for a conſiderable time; for great numbers of large 
Bubbles are here generated, which as you hear, make a conſiderable noiſe. I 
leave now this Oil of Tartar, and Vitriol in vacuo, for the whole ſpace of fif- 
teen hours, that I may, as much as poſſible, extract all their Air from them. 
After then they have ſtood thus long, I mix this Oil of Tartar and Vitriol to- 

gether, 
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gether, both, as any one would imagine, void of Air ; and what is the conſequence ? 
Why there ariſes, in an inſtant, the moſt violent Efferveſcence ; ſuch a one as 


every way diſperſes the conflicting Particles through the whole Bell, and throws 


them upwards with an incredible force. But to what a prodigious degree at 
the ſame time does the rarefaction of theſe Liquors thus mix'd together ex- 
tend itſelf, Certainly, they are expanded to far more then twelve rimes their 
former bulk, ſo that if we had not been cautious in chuſing a large Veſſel, 
they would have run over the Brim of it. Here now we made uſe only of * four 
drachms of Oil of Tartar, and a drachm and a half of Oil of Vitriol ; out 
of theſe too, all the Air was exhauſted ; no Air appeared at all, except only in 
the Oil of Vitriol; and yet the Air produced by this Efferveſcence, has depreſ- 
ſed the Mercury from 29 inches to 12 5. Hence, therefore, it appears very 


clearly, that. all the elaſtic Air, which is contained in Fluids, cannot be drawn 


out of them by means of the Air-pump, but only ſo much of it as can extri- 
cate itſelf when it is quite freed from the preſſure of the Atmoſphere; whilſt 


in the mean time another part of it, and that much the greateſt, is ſo cloſely 


united with them, that it cannot be ſeparated in this manner, but may be pro- 


cured from them by means of this Efferveſcence. The action of the pneumatic 


Machine in this affair, therefore, is very much limited ; and hence any body 


would be deceived, who ſhould imagine, that Fluids. would be exhauſted of 


all their Air, by letting them ſtand 24 hours in vacuo. If again, we care- 
fully conſider all theſe things together, that have been here propoſed, we may 
almoſt venture to conclude, that the Efferveſcencies, which happen in this man- 
ner, between. Acids and Alcali's, arife principally from the prodigious re- 
ciprocal attraction which there is between theſe Salts, by which, when they are 
placed at a certain diſtance from one another, they ruſh together with a mighty 
force, and by this means expel thoſe Corpuſcles which lie in the middle be- 
tween them, and hinder their coming, into an intimate union with one another, 
Suppoſing. this then to be the caſe, then by the violent excuſſion of theſe aerial 
Particles effected in the very act of adunation, the elaſtic Particles of Air, 
here diſpoſed, . would be expell'd, which uniting with other like Particles, might 
produce the ebullition, agitation, and hiſſing noiſe, ariſing here from the conti- 
nual diſploſions of theſe little crackling Bubbles. And then all the violent 
motion that is produced during the Efferveſcence, would not be owing to the 


mutual repulſion of theſe Salts, but rather to their reciprocal efforts towards a 


union. And for this reaſon it ſeems to happen, that all this agitation is intire- 
ly at an end, as ſoon as ever this adunation is perfectly compleated ; whereas, 


ſo long as there remain any Salts not united, ſo long there likewiſe remains an 
Efferveſcence. In this Experiment we ſee likewiſe, that the Water is forced out 


of the interſtices, which were between the Acid, and the alcaline Salts; for the 
Oil of Tartar, and the Oil of Vitriol, were both of them liquid before their 


mixture; but after they had been mixed together, and had undergone a violent 


ebullition, there was produced, by this union of their Particles, a white ſolid 
Salt in the middle of the Water that was forced out, and an aqueous Fluid im- 
pregnated with a little diſſolved Salt, ſwam at the top. It muſt, however, be 
confeſſed, that the Salts ſo generated by the union of the Acid and Alcali, in 


*fhis is only in the proportion of 8 to 3, not 8 to 5, as is mentioned in the beginning of the Expe · 
timent: Theſe, bowever, our Author thinks, are the quantities he made uſe of. 
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this Efferveſcence, ſtill contain Air, which is wonderfully elaſtic, and diſcovers 
itſelf plainly enough in other Experiments. For Sea-Salt, Nitre, and vitriolated 
Tartar, thus regenerated from their proper acids in the Alcali of Tartar, if 
they are mixed with Bole again, and diſtilled in an open Fire into their proper 
acid Liquids, produce a large quantity of a very elaſtic Flazus, which ſometimes 
burſts aſunder very large and ſtrong Veſſels. And hence, to perſons who have 
frequently reflected upon theſe things, the nature of that violent and irreſtrain- 
able Halitus, or Vapour, which Helmont the Elder called, the Gas Sylveſtre, has 
always appeared very wonderful ; and it has ſometimes been doubted, whether 
all that might be thus generated, would be ſo far of the ſame nature, as 


- that it ought to be called by the ſame name of elaſtic Air ? Or on the other 


hand, whether Bodies being reſolved after a certain manner into their minuteſt 


parts, might not have their nature altered, and, by a real tranſmutation, be 


changed into this elaſtic Air, which afterwards, being again concreted with 
other things, might produce new ſolid. Bodies? And conſequently, whether, 
beſides the common elaſtic Air, there was not in nature ſomething elſe very 
much reſembling it, and yet not perfectly the ſame. 3 

But to return to our Experiments. Pleaſe to obſerve, then, I put under the Bell, 
with the ſame caution as before, a Glaſs, with very ſtrong Spirit of Nitre, and 
then exhauſt the Air as carefully as poſſible, and youſee now, which is ſurprizing, 
that this Spirit of Nitre, though all the Air is exhauſted, ſcarcely cauſes any 


ebullition in vacuo, neither did it whilſt the Air was drawing out; whereas, in 


che former Experiment, Oil of Vitriol, which is more acid than Spirit of Nitre, 


yielded, from the ſame cauſe, a large quantity of Air. There ſeems, therefore, 
{omething extraordinary to obtain in this caſe, which appears to be ſtill ſo much 
more wonderful, as Spirit of Nitre, as ſoon as ever the Veſſel is open, and the 
Air comes at it, emits very volatile Fumes, and thoſe pretty active ones too; 


whereas pure Oil of Vitriol, in the open Air remains without any ſuch altera- 


tion. Let the cauſe, however, of this Phænomenon be what it will, let us ſee 


now what will be the conſequence of throwing into this Spirit of Nitre, thus 


in vacuo, a grain or two of the Filings of Iron. You ſee, then, what an 


enormous ebullition is hence produced, and what a quantity ef very red, denſe 


Fumes diffuſe themſelves through the whole Receiver. And at the ſame time 
obſerve, what an incredible ſwelling and puffing up there is of fo ſmall a matter, 
now it is thus rarefied, together with an exploſive Fulmination, ſo ſtrong, as 
to make one afraid, that the Veſſels would burſt aſunder. But what is moſt of all 
remarkable in this Experiment is this, that there is indeed an elaſtic Air immediately 
generated, but yet not with that power of depreſſing the Mercury, nor conſequently 


in ſuch plenty, as ſeems to anſwer to ſo great an ebullition, ſo violent a fulmina- 


tion, and to ſuch denſe, red, and agitated Fumes. But you obſerve, now, every 
thing grows quiet the very inſtant I let in the Air, and the maſs is no longer 
inflated, but reduced almoſt to nothing. - Thus then, Gentlemen, you have ſeen 
two Experiments, by which it has appeared, that the greateſt and moſt violent 
exploſions of Bodies may happen, without a proportional concourſe or pro- 
duction of elaſtic Air; namely, the Experiment where the Water boiled in 


the inverted Vial, and this, where Spirit of Nitre fulminates with Iron: A cir- 


cumſtance certainly worth the matureſt conſideration. 
But 
3 
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But give me leave to mention yet one more Experiment, which was for- From Spirit 
merly made, nor is to be attempted again without a great deal of caution. You oil of Car- 
have an account of it in the Philoſoph. Tranſat. No. 213. p. 212. and it was . 
thus performed: Upon the Air- pump was placed a glaſs Bell, 6 inches wide and 8 
inches high. Under this was ſet half a drachm of Spirit of Nitre, in a little Veſſel, and 
a drachm of diſtill'd Oil of Caraway- ſeeds in another, and then as much Air as 

oſſible was exhauſted. Theſe Liquors were then mixed together in vacuo; and in 
an inſtant the whole Bell was thrown up into the Air, and the mixture was ſet on 
fire. From a drachm and a half, therefore, of Liquids, an Air was here pro- 
| duced, which forced up 468 pound weight, with a very great force. Nor did it 
by this means appear accurately, how much more weight it might have raiſed ; 
ſince 1t toſs'd up the whole Bell with ſo violent a motion. And yet all the Air 
which was both in the Spirit of Nitre, and the Oil of Carraway-ſeeds, was 
drawn out by means of the Air-pump. But this power, orif you will, elaſtic 
Air, was produced in an inſtant, without any ſucceſſion of time: And ſince the 
whole Receiver that very moment was filled with Flame; hence the Air, by 
virtue of this Fire, being ſo much the more expanded, acquired ſo much the 
greater force, and thus acted both by its ſpring, and the rarefaction from the. 
Heat, together. This force therefore could hardly by any method be brought 
to a calculation, unleſs, perhaps, by gradually increaſing the ſize of the Re- 
ceiver, till the column of the Atmoſphere preſſing upon its ſurface, ſhould at 
laſt be greater than the force of the exploſion ſhould be able to elevate; for 
then in the laſt elevation, you would have the weight, which the efferveſcent 
matter would but juſt be able to raiſe, or be pretty nearly equal to, And to 
prevent the Bell's being broke by its riſing and falling down again, there may 
be faſten'd a cord to the top of it, which running over a Pulley, may be kept 
5 upon the ſtretch, by means of a ſmall weight hanging at the other 
end. | 
I ſhould now inquire into the laſt method by which Art and Nature produce x1agic Air 
an incredible quantity of very elaſtic Air, called by Van Helmont the Gas fung | 
Sylveſire ; namely, by combuſtion, or an agitation cauſed ſolely by Fire. This by Fire. 
uſually obtains in fermentation, putrefaction, diſtillation, and combuſtion, But 
this is a very fruitful ſubject, and of a vaſt extent. The wonderful expanſive 
force of a fermenting Vegetable appears to every one's obſervation, in Malt 
Liquor put up into Bottles before it has done working. That putrefying Sub- 
ſtances generate a great deal of ſuch Air, the illuſtrious Boyle has expreſl 
demonſtrated. Yan Helmont too, before this, had informed the World, that in the 
diſtillation of crude Tartar in Veſſels accurately luted, the Veſſels, tho? very ſtrong 
and capacious, were burſt to pieces. And in the diſtillation of Fleſh, Bones, 
or the Humours of Animals, managed with the utmoſt caution, unleſs there be 
ſome crack open, or the Receiver is very large, do not the Veſſels burſt aſun- 
der? Not to mention the diſtillation of Nitre, Salt, Vitriol and Alum, in 
which are produced an incredible quantity of elaſtic Vapours, which by their 
violence often cauſe the laſs of the Veſſels, contents, and labour, and frequently 
prove very dangerous to the Operator, In theſe different ways then, which, 
however, all agree in this, that they act by the aſſiſtance of Fire, it evident- 
ly appears, that this elaſtic Air concurs, as a pretty conſiderable and remark- 
able conſtituent part in the ee 7 almoſt all kinds of Bodies. Or if 
any 
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Corollaries 
soncerning 


ſeparation from Bodies, what it was before it was united to them; and being 


©. 
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any one yet doubts of it, this certainly he muſt readily acknowledge, that by 
the action of Fire there is ſomewhat ſeparated from every known Body, which 
after ſuch ſeparation, is fluid, elaſtic, compreſſible by Weight, and contracti- 
ble by Cold, and again expanding itſelf by Heat, and when it 1s freed from the 
cauſe that compreſſes it. But as for that part of the Air, now, which when ſepa- 
rated from all the reſt that are mixed with it, we call the elaſtic part of the 
Air, we know nothing of it beſides the properties juſt enumerated. By Fire, 
therefore, at leaſt, elaſtic Air is always ſeparated from thoſe Bodies; and con- 
ſequently, ſuch a matter was in them before, though whilſt it was lock'd up 
there, it did not produce the effects of Air; but as ſoon as ever any of its Par- 
ticles are ſeparated from them, and united with others, then it immediately re- 
turns to its former genius of elaſtic Air, and remains ſuch, till it is ſome how 
or other again divided into its diſtin&t Elements, and united with other non- 
aerial Particles, with which it may for a time be concealed, grow together, and 
form one maſs : Tho? even in this ſtate, it ſtill ſo far retains its priſtin na- 
ture, that it will again become perfect Air as ſoon as ever it is diſengaged 
from this entanglement, and the aerial Elements come into union with one 
another. In all theſe caſes, therefore, Air is immutable; becoming, after its 


able, when *tis freed by reſolution, to return again, by concretion, into the 
lame Body, from which it was ſeparated. This reſolution and compoſition 
appears by no Art more clearly, than the chemical one. I ſhould now there- 
fore give you ſome inſtances of both kinds, as I have formerly in this Ela- 
boratory made a great many Experiments to this purpoſe : But having ſeen, and 
to my advantage peruftd, a very elaborate treatiſe, publiſhed about two years 


ago by the famous Dr. Steph. Hales, called Vegetable Statics, in the ſixth chap- 


ter of which he has, with very great labour and accuracy, given an elegant 
account of his Experiments, which illuſtrate this Affair, and in ſhort quite com- 
pleat it, I chuſe rather to refer you to that work, which will give you a 
plain View of Nature, as diſcovered by Art. 

Permit me now, then, Gentlemen, to put an end to this Diſcourſe upon Air; 
in which I have principally endeavoured to ſhew, how neceſſary the knowledge 
of Natural-Philoſophy is to a perſon who would make himſelf maſter of the 
chemical Art; and conſequently, how neceſſary it is likewiſe to be acquainted 
with all the Arts by which Natural-Philoſophy is promoted. Without theſe 
helps the Chemiſt is continually falling into errors himſelf, as well as deceiving 
others, whilſt he miſtakes the true cauſes of things, and afligns falſe ones in 
their room; whereas if he is ſufficiently furniſhed with theſe, he has paved a way 
by which he may readily arrive at the true knowledge of Nature. | 

I ſhall only add, therefore, the few following Corollaries, and ſo conclude. 


the Air, for In every chemical operation we are engaged in, the Bodies to be examined 


the uſe of 
Chemiſts. 


under their various changes, are expoſed to this Air, of which we have been 
treating. All thoſe Bodies therefore, and all thoſe Operations, whilſt they are 
directed by the Chemiſt, according to the rules of his Art, muſt at the ſame 
time undergo whatever the Air, by being applied to them, is capable of 
effecting upon them. When the Chemiſt therefore goes about to compute the 
effects of his Art, he muſt always likewiſe have a very particular regard to the 


action of the Air, and what ſhare that has had in the Operation; which how- 


2 | ever 
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ever is but very ſeldom, and very ſlightly attended to. I have ſubjoined there- 
fore to every property of the Air, which we have been conſidering, the pecu- 
liar effects which properly depend upon it. I ſhall now, with your leave, re- 
peat, in a very few words, thoſe things which the Air performs by the concur- 
rence of all its powers together. In the firſt place, then, it encompaſſes, is in 
contact with, confines, and compreſſes all Bodies, inſinuates itſelf into their 
penetrable paſſages, and being received into them, it there exerts all its power, 
as well upon ſolid Bodies, as fluid ones. In the ſecond place, being by its gra- 

vity determined upon thoſe Bodies, and being at the ſame time diviſible by its 
fluidity, whilſt it thus inſinuates itſelf by its minuteſt Elements, it meets with 
Bodies there, to a union with which it has a natural tendency, and hence unites its 
Elements with them, loſes its Fluidity and its fluid Elaſticity, and remains there 

; . cloſely confined, till by Efferveſcence, Fermentation, Putrefaction, or Fire, it 
| is again ſet at liberty. In the mean time, however. by virtue of the other Par- 
ticles which it contains in it, it brings about an infinite number of effects. In 
the third place, it performs particularly the office of .intermixing Bodies very 
intimately with one another, whilſt by ſuch weight, and ſuch perpetual velocity 
of motion, like the mechanical Peſtil, it puts them in motion, and rubs, and 
mingles them together, producing after this manner very ſingular effects, not 
eaſily accompliſhed by any other means: This the ancientAlchemiſts, Van Helmont, 
in particular, was well apprized of, and made uſe of it to very valuable pur- 

| Poſes; as you will ſee, if you conſult him p. 151. § 45. 334. F. 84. and in a 
great many other places. And indeed if we expect to meet with the ſame ſuc- 
ceſs in a place void of Air, or where the Air, by reaſon of the height of the 
place from the Earth, is pretty light, or rare, our labour will be all in vain. 
How evidently does this appear in the combination of diſtilled Oil of Turpen- 
tine with Salt of Tartar ? How eaſily is this performed in an open, heavy Air, 
' whilſt in very high places it is not to be effected? And in the defæcation of Salt 
of Tartar by the Air, the ſame thing appears as clearly. Of conſequence, 
therefore, in the fourth place, it determines and applies the action of one Body 
to another. For all things which are heavier than the Air, are compreſſed by 
the Air, which reſts upon them, and, as we obſerved in the laſt article, are 
moved by its motion, and intimately mixed together. Hence, therefore, if 
among theſe Bodies there are any which acquire ſome particular vertues by com- 
ing into contact with one another, then theſe vertues will by this means be ex- 
cited by the Air, and diſcover themſelves by their effects. And hence it comes 
to paſs, that there are many diſſolvents, which in the vacuum of Mr. Boyle hard- 
ly diſcover any corroding quality; though if the Air is let in upon them, it 
becomes manifeſt immediately. This Mr. Boyle himſelf remarks in the Filings 
of Copper mixed with the alcaline Spirit of Sal-Ammoniac, and in Vinegar 
applied to Copper and Iron, in vacuo. But it appears likewiſe, in almoſt eve- 
ry inſtance, that, by the preſſure of Bodies upon one another, mechanical 
powers are brought into action; and that they ceaſe again, as ſoon as ever this 
preſſure is removed, A Diamond will not cut Glaſs, unleſs it be preſſed 
againſt, and moved upon it. Attrition begets no Heat, if Bodies are not forci- 
bly compreſſed together. This appears no where more evident, than in Papin's 
Digeſter. Here the Bones of an old Ox, for inſtance, with ſome Water and 
Air, are ſo cloſely included in a N Cylinder, that no Air or Water on 
| | 2 y 
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by any means poſſible make its way out. Fire is then applied till the Water 
boils. The Air therefore acquires a power of expanding itſelf proportional to 
the applied Heat; and ſo likewiſe does the Water. Hence the preſſure of the 
Air and Water upon the Bones, muſt be exceeding great. In the mean time too, 
the Air and Water, within this Veſſel, are moved againſt one another, and up- 
on the Bones with an incredible velocity; and by this means, within a few mi- 
nutes, the Bones are ſoftned, and converted into a viſcid Liquid, or into a ſoft, 
tender Maſs, very readily yielding to the knife. In the Fabrenbeitian Experi- 
ments, formerly mentioned, it appeared, that when the Atmoſphere was made 
but one tenth part heavier, the Water immediately took in more Fire before it 
would boil. What, now, could be the cauſe of this, but the Atmoſphere's 
preſſing the parts of the Water more cloſely together? In the fifth place, the 
Air, conſidered all together, is the occaſion that hardly any Body continues at 
reſt; becauſe this, by the ſmalleſt alteration of Heat, is immediately expand- 
ed or contracted, and, conſequently, ſuffers a reciprocal oſcillation: But theſe 
changes of Heat and Cold are perpetually happening; and hence there muſt of 
conſequence be a perpetual agitation in the Air. This appears likewiſe evident, 
from the continual variation of its weight; for Barometers ſet in a very oblique 
poſition, and thus, upon the leaſt difference in theweight of the Air running through 
a large Space, have been obſerved to be almoſt always in motion. But ſince two 
inches of Mercury are equal to 23, 800 inches of common Air; hence, upon the 
ſmalleſt variation in the Barometer, the Air immediately runs through * 23,800 
times the ſame ſpace. As therefore the Mercury in this reſpect never reſts at 
the ſame Altitude, we diſcover how much leſs the Atmoſphere remains of the 
fame weight. And ſince this Air inſinuates itſelf between Bodies, and into their 
Pores, it ſeems certainly, with regard to theſe, to have the nature and power 
of a perpetual mover. Hence, perhaps, it comes to paſs, that all the principal 
Operations of Nature are brought about in the common Air, but will not proceed, 
in an exhauſted Receiver. Fermentable paſts, duly prepared, and diſpoſed 
in the vacuum of Mr. Boyle, will not ferment there though they are acted upon 
by a proper Heat, but diſcharging their Air, remain unchanged. The parts 
of Animals, which very readily putrefy, being ſnut up in the like vacuum, and 
freed from their exhaling Air, do not afterwards putrefy, tho? they are kept warm. 
The ſame thing is likewiſe true in your Summer Fruits, which being ſet in vacuo, 
puff, emit a Flatus, and then remain at reſt. So that the parts of Animals, Vegetables 
and Foſſils, being here included without Air, ſeem to undergo very little alteration, 
In the ſixth place, this Air ſeems always to contain in it ſuch Particles as are fit, 
by their application and motion, to perform the office of a Menſtruum upon all 
Bodies whatever: For as it contains and carries along with it almoſt all kinds 
of Bodies, in a ſtate of ſolution, it can ſcarce poſſibly happen, but that by the 
ſucceſſive application of ſuch a variety, certain particles will be ſometimes ap- 
plied, which are proper, as a Menſtruum, to diſſolve every kind of Body. And 
in this reſpect it may be ſaid to perform the office of an univerſal Menſtruum. 
* 'This in the original is 13,800. which our author ſays ſhould be 23,800 ; but it ſtill does not 
appear to me to be right; for ſince the ſpecific gravity of Mercury to Air is as 11,900 to 1. ſuppoſing 
Water to Air as 850 to 1, and Mercury to Water as 14 to 1, hence the Air, I think, will run only 
11, 900 times the ſame ſpace as the Mercury does. This I could not mention to the learned author, 


when I wrote to him firſt, becauſe I did not know how he would alter the original; nor did I take 
notice of it afterwards, till it was too late to write to. him again. 
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It is very certain, there is neither Metal, nor Semi-Metal, which may not, ſooner 
or later, be diſſolved in the Air, and by the Air, and converted into its proper 
Calx. Gold, indeed, Silver and Antimony, are leſs diſſoluble there, and with 
more difficulty, becauſe they are hardly diſſolved, except by Mercury, Spirit 
of Salt, or Spirit of Nitre ; but theſe rarely float about in the open Air; and 
E hence it comes to paſs, that theſe Foſſils are not often diſſolved there. If Gold 
N and Silver Veſſels, however, are for a conſiderable time expoſed to the Air in 
1 a chemical Elaboratory, where Spirit of Salt, or Nitre, or Aguæ Regie are 
; preparing, theſe volatile Acids, very eaſily, ſo affect the poliſh'd Surfaces of the 
Metals, as to corrode them, and turn them into a Flos, or Mould, peculiar to- 
J each, and then into a Calx. In all other Bodies this diſſolution happens much 
more frequently, as being much eaſter. But not only theſe, but an infinite 
1 number of other things may be effected, by thoſe Corpuſcles, which the Air 
3 always, or ſometimes, at leaſt, carries along with ic. For by this means it 
. diſcovers Bodies that before lay concealed, and conceals others that before were 
manifeſt; it makes acrid the ſoft, and ſoftens the acrid ; it fixes the volatile, 
and renders volatile the fixed; and it produces colours, and deſtroys them: But of 
theſe things there is no end. In ſhort, therefore, you may learn from hence, that it 
often happens that the very ſame object, treated exactly in the ſame manner, ſhall 
have very different effects, if it is managed in a different Air. In every account, there- 
fore, of chemical operations, a particular regard muſt be had to the Atmoſphere, 
| in which they are performed; ſince otherwiſe the event may very much deceive 
3 he operator, without his being in the leaſt aware of it. In any chemical pro- 
| ceſs it is impoſſible the iſſue ſhould be the ſame in a different Air, where it. 
happens, that the Air has any conſiderable influence upon it. And finally, how 
great the effect of the Air is, whilſt it has free power of concurring with Fire 
towards the changing of Bodies, we have already obſerved in the hiſtory of 
Fire. Camphire melted in a Veſſel upon the Fire, and ſo incloſed, that the 
Air cannot come at it, aſcends, is purged of its impurities, and remains per- 
fect Camphire, purer than it was before: But if while the Fire thus acts upon. 
it, there is a free admiſſion of the Air to it, it is conſumed, producing a Flame, 
which burns even in Water, and ſends forth thick, black Vapours, convertible 
into a very black Soot. Sulphur ſublim'd by the Fire, remains always Sul- 
phur, if the free Air cannot enter the Veſſels in which the Sublimation is made: 
But if the Air once comes to it, it is immediately converted into Flame, and 
an acid Liquor. Thus then we may finiſh what we had to offer concerning the 
Air, for the ſervice and advancement of the Chemical Art. 7 


\ Of WATER. 5 | 
As of all Bodies that lie continually before us, Water is the commoneſt, The Nature 
falling perpetually under the obſervation of our ſenfes, and being made uſe of of Wie 
for moſt of the purpoſes of Life, hence it comes to paſs, that every one is be under 
ready to imagine, that he perfectly underſtands its nature, Thoſe perſons, how- *9%-. 
ever, who have enquired into it, with the greateſt care, have ſcarcely found ® 
any thing among natural Bodies which it is more difficult to form a right no- 
tion of. And the cauſe of this difficulty lies chiefly in this, that it is ſo ex- 
ceeding hard a matter to ſeparate Water from other Bodies, or other Bodies 
from Water. For this Element mixes itſelf with all the Subſtances that come 
under. 
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will yield a Spirit; and if, according to Art, you accurately ſeparate from 


the drieſt Veſſels, always afford ſome Water; nay, to the Water, as a Gluten 
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the Bodies that are placed in it, I have treated already. The Air without 
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under the examination of the Chemiſts, and reſides in ſuch a manner in the 
Air, in which all chemical Operations are performed, that it is ſcarce poſſible 
to ſecure any thing from it. Hartſhorn, after it has been kept for half a Centu- 
ry, and is grown ſo dry, that a Stone itſelf is not dryer, and ſo hard, that it 
reſiſts a File more than Iron, if it is diſtilled with a ſtrong Fire in a dry Glaſs, 


this, both the Oil, and the Salt, you will procure a good deal of Water. Stones 
too, and Bricks, if they are reduced to powder, and expoſed to the Fire, in 


by which they are held together, they even owe their being what they are. 
What can be more evident than this? If fat Potters Earth is expoſed a good 
while to the ſcorching Heat of the Sun, it is converted into troubleſome vola- 
tile Duſt, which is eaſily blown about with the leaſt Wind, and never grows 
together again, ſo long as it is kept dry; and yet if you work it with Wa- 
ter, it becomes a ductile Paſte, and when it is burnt, becomes a hard, ſto- 
ney Subſtance. Of the Air's always containing Water, and applying it to 


all diſpute is always full of Water in motion, as one may fee evidently, in- 
deed, in the following pretty Experiment. If in the ſummer time, when the 
Air is exceeding hot and dry, you expoſe to it a piece of Ice, Juſt taken out 
of an Ice-houſe, there will preſently appear a Vapour about it; and if you 
hold your hand very near it, you will then perceive a Steam betwixt that 
and your hand; thus both inſtances evidently demonſtrating that the Water, 
which before being equally diſperſed through the Air, did not appear, does 
now, being condenſed by the Cold, diſcover itſelf in a viſible form. If in 
the ſummer time you pour Water into a large Glaſs Veſſel, that 1s perfectly 
dry on the outſide, it will ſtill continue ſo; but if you take + of its weight 
of Sal- Ammoniac, reduced to Powder, and very dry, and mix it with the 
Water the whole external Surface of the Glaſs will be immediately covered with 
a Dew, which will ſoon run down in drops. This you underſtand, to be 
ſure, ariſes from the Water, which before was by the ſummer Heat diffuſed 
through the Air, but is now by the ſudden Cold forced to unite, and form a 
Vapour, Dew, and Water; juſt in the ſame manner as ones Breath, which 
does not appear in the Summer, diſcovers itſelf in the Winter in form of a 
Vapour. By theſe then, and infinite number of other inſtances, it is. certainly 
demonſtrated, that the Air has always Water in it, and therefore that it is im- 
poſſible to keep Bodies that are placed in it free from Water. But now, if 
Water, is ſeparated with ſo much difficulty from Air; ſo on the other hand, 
many other Bodies are not ſeparated with leſs, from Water, ſo as to leave one 
ſure that one has pure, ſimple, elementary Water. Who then will venture to 
affirm, that he is poſſeſſed of pure Water? Or who can pretend to ſhow it 
perfectly unmixed with any thing elſe? Every body knows, that there are 
infinite numbers of Bodies, and that as well compound as ſimple, which may 
be diſſolved ſo intimately in Water, that they ſhall not diſcover the leaſt ſign 
of their being there, Cuſtom, indeed, which fixes the meaning of Words, 
calls the Liquor thus adulterated, Water; but certainly, in a philoſophical 
ſenſe, it is very far from being ſo. But farther, if we examine its peculiar 
nature yet more nicely, we ſhall find, that moſt of its properties, and that its 
principal ones too, it poſſeſſes in common with other Fluids, and hence again 

| It 
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it will be ſo much the more difficult to find out ſuch a character of Water 
as ſhall perfectly diſtinguiſh it from every other Fluid whatever. | 

If a Perſon, however, would in a philoſophical manner inquire into the na- Its Charae- 
ture of Water, he muſt have ſome certain character by which he may define N 
that Water, concerning whoſe genius he is making his inquiry: For this, for be found out. 
the preſent, will ſerve to diſtinguiſn it from all other Bodies; and when af- 
terwards all its properties are diſcovered, they muſt then be referred to the thing 
thus diſtinguiſhed. = 

Following this method, therefore, by Water we mean a Liquor, very fluid, e 
inodorous, inſipid, pellucid, and colourleſs, which in a certain degree of Cold, : 
freezes into a brittle, hard, glaſſy Ice ; for theſe marks every body knows 
point out Water. If, therefore, ſuch a fluid as this could be readily procured 
perfectly free of every other Body, then the examination of Water Chemically, 
 Hydroftatically, Hydraulically, Mechanically, and Philoſophically, would be 

very eaſy; for in this caſe we ſhould be abſolutely ſure, that whatever we diſ- 
covered by theſe helps, would belong truly to the nature of Water, as upon 
ſuppoſition there would be no Body in it to which it could be referred; where- 

as, if there are other Bodies mixed with it, we ſhall be always in doubt, to 
which of thoſe any property we obſerve belongs, and ought to be attributed. 

But it is abſolutely impoſſible ever to have Water quite by itſelf, becauſe, Which is 
ſo long as it ſubſiſts in the form of Water, it has always Fire in it, which can 8 
never leave it, nay, and is always in it in a large quantity; for as ſoon as ever contains a 
the Fire in it is ſo diminiſhed, that it comes to the degree 32 in PFahrenheit's Fir. © 
Thermometer, the Water continues Water no longer, but becomes a very dif- 
ferent Body from what it was before, that is to ſay, Ice. But in that degree of 
Cold, there remain a great many Bodies ſtill fluid, which will congeal in a 
greater. Nay, if the Heat is decreaſed 73 degrees below this freezing point, 
even in that intenſe Cold, neither Alcohol, nor Mercury, loſe their fluidity. 

From theſe Obſervations, therefore, it evidently appears, that a great deal of 
Fire is neceſſary to prevent its being converted into Ice. Certainly, between 
the ſtate of Water juſt beginning to freeze, and the ſame made as warm as 
the Blood of a Man in health, there is a leſs number of degrees, than between 
the ſame ſtate, and the greateſt obſerved Cold; as in the former caſe there is 
only 58, 1n the latter 73. 

But all Water is conſtantly expoſed to the Air, which enters into it in a cer- And is ren- 
tain quantity, as has already appeared. And there, likewiſe, it was obſerved, N 
that the Air abounds with the Particles of, perhaps, all volatile Bodies. It and its con- 
is impoſſible, therefore, but that the Air ſhould continually mix both itſelf, and . 
its contents, with the Water, which by this means will be rendered impure, and 

be conſtantly receiving from it different Particles. This, perhaps, appears by 
no Experiment more evident, than by the examination of Rain Water, which 
comes from the upper regions, when after a long drought there happens Thun- 
der, with very large Showers; for if the Rain-water 1s catch'd at fuch a time, 
it is found to abound with great variety of Bodies, as the Chemiſts have often 5 
taken notice. 5 5 3 
But this Air, when it is once got into Water, cannot eaſily be diſengaged And almog 
from it again; for if it is placed under a Receiver upon an Air- pump, you Re. 
muſt remove almoſt the whole weight of the Atmoſphere, before the Air 10 
make 
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make its way out in 32 degrees of Heat. And if in a middle Atmoſphere, 
you would ſeparate from Water the Air that is mixed with it, you muſt in- 
creaſe your Heat to 130 degrees. Hence, therefore, the greateſt Heat that is 
naturally produced, and the lighteſt Atmoſphere that was ever obſerved, tho? 
they conſpire together, are not able to fetch Air out of common Water. Fix'd 


alcaline Salts, indeed, when they ſaturate Water, ſeem, perhaps, to diſlodge 


the Air that was in it; but then, at the ſame time, they fill it with Salt; 
and if afterwards you attempt to draw the Water from them, by its paſſing 
through the Air, it is filled with it again. In the mean time, however, there 
is a great deal of room to believe, that the reaſon why Oil of Tartar per deli- 
quium don't diſcover any Air in vacuo, is only, becauſe by a very ſtrong at- 
traction peculiar to its nature, it retains it very tenaciouſly. For in boiling the 
ſtrongeſt fix'd alcalious Lixiviums, in any open Veſſel, I have often obſerved, 


that when they became ſo inſpiſſated as to be juſt ready to grow dry, then at 


laſt, there diluting Water being carried off by the exceſſive Heat, they began 
to riſe into a very large frothy collection of Bubbles, which unleſs properly 
provided againſt, would run over the ſides of the Veſſel in ſuch a manner, as 
perhaps one ſhan't ſee in any other Liquors. This remarkable Phenomenon, 


now, ſeemed to me plainly to evince, that a large quantity of true Air is very 


ſtrongly attracted by a fix'd, pure, dry Alcali, as ſoon as ever it comes out 
of the intenſe Fire, in which alone it is made, and that it unites it with itſelf ſo 
very powerfu], that it will not afterwards ſuffer it to be ſeparated from it, ex- 
cept, by the action of a very ſtrong Fire, or by its attraction of ſomething elſe 
to which it has a greater. tendency, as an Acid, upon its Efferveſcence with 
which it lets go its Air. Hence again, then, it appears, how ſeldom there ex- 
iſts any Water, without being impregnated with Air, and its contents. The 
conſideration, therefore, of theſe things, puts us in mind, before we pretend 
to reaſon from Experiments concerning the nature of Water, to treat diſt inctly 
of the Methods by which it may be obtained in its greateſt purity, that when 


we have got ſome of this ſort, and have examined it by every kind of Experi- 


The proper 
weight of 


Water diffi · 
cult to find 
Out. 


ment, we may be able to come the nearer to the nature of the pureſt. To 
this purpoſe, therefore, let us carefully take a view of all thoſe properties, 
which can by any means be obſerved in Water ſo long as it continues to be ſo. 
And as we proceed to examine all theſe in order, we muſt particularly take 
notice how any diſcovered property appears in that Water which is moſt ſim- 
ple and freeſt from every heterogeneous Body ; for this, I conceive, is the on- 
ly method by which we can come at a true knowledge of it. 

In the firſt place, then, the particular and proper weight of Water offers 
itſelf to our conſideration. But to perſons acquainted with theſe things, how 
difficult does it appear to find this exactly? For there are naturally in Water 
many things that are lighter than pure Water itſelf. This appears particularly 
in Rain- water, and that which in a chemical diſtillation in cloſe Veſſels riſes 
into the Receiver. Whatever there is of fermented Alcohol mixed with either 
of theſe, it will moſt certainly render them lighter than if they were pure. 
And the Spirits likewiſe produced from putrify'd Vegetables or Animals, diſ- 
perſed in the Air, and mixed with theſe Waters, will have the very ſame ef- 


fect. In the mean time, however, there are many more Bodies found diſperſed 


through Water, that are really heavier than ſimple Water, and which, conſe- 
quently, 


quently, by their admixture, render it much heavier than it is naturally. Hence 
Fountain, River, and Well-water, have by this means their ſpecific gravity 


increaſed ; as faline, ſaponaceous, and vitriolic ſubſtances are frequently 
mixed with them in very large quantities. 


Well-water, is properly that which comes from that ſubterraneous ſtratum, wel-water: 


which is called a (Sabuletum ſcaturiens) ſpringing Gravel. For if you dig through 
the upper cruſt of the Earth where it is not rocky, at a certain depth you will 
come to a ſtratum of very pure Gravel; and if you then proceed to dig any 
deeper, you loſe your labour, for after you have removed a quantity of Gravel, 
there will in a little time as much be brought again from the neighbouring 
parts; and hence they have called this place a ſpringing Gravel. In this 
Gravel, now, the Water always riſes from the bottom, and runs down from 


the places about it. Hence this collection of Water is called ſpringing Water, 


or a Living-ſpring, and the Water itſelf (Aqua Viva) Living-water. If you 
take care now that no Water ſhall come into this Well, but what paſſes through 
this Gravel, then in that place the Water will be exceeding pure. For the 
Sand is nothing but a collection of very ſmall clean Flints, whoſe figure, and 
ſize, are ſo various, that they can never be ſo diſpoſed among one another, as not 
to leave little empty ſpaces among them: Hence the Water is always able to in- 
ſinuate itſelf between them, tho' they intercept almoſt every thing elſe ; and 
by this means, when it has been ſo filtered for a conſiderable time, it loſes its 
impurities, and becomes very limpid. If there are no Salts therefore about this 


Gravel, this Well-water will be pure and pellucid. But if on the other hand 


there are any Salts, ſaline, or ſaponaceous Subſtances near the Spring, then theſe 
being intimately united with the Water, cannot be ſeparated from it, by this 
Its paſſage through the Gravel, but will communicate their weight to it as well 
as their other properties. And this, in reality, is found to be the caſe almoſt 
all the World over : For the Earth is the grand Chaos from which all things 
ariſe, and to which they all return again. Since, therefore, this Water by 
running through the Earth, becomes a Lixiviam of all thoſe Bodies which it 
meets with, and is capable of diſſolving, it appears evident, how ſeldom this 
can be pure, and that it muſt be very different according to the place in which 
it is found. If you take, however, that Water that is drawn from the pureſt 
Well, and therefore is the moſt ſimple of the fort, and compare it with the 
pureſt Gold which is always exactly of the ſame ſpecific gravity, then its weight 
to that of Gold, is found to be as 250 to 4909, or as 1 to 19 238. This you 
find in the Philoſophical Tranſactions of the Engliſh, which they have confirmed 
by repeated Experiments. The ſame Water is found to be 850 times heavier 
than the common Air: And an Ergliſþ cubic inch, examined with the utmoſt 


care by the great Boyle, weighed 252. 256. 260 grains. Boyl. Med. Hydroſtat. 


p. 110. Act. Leipſ. 91. 196. That there ſhould here now be this difference 
of 8 grains, that is near a 32d part of the whole, 1s not ſo much to be wondered 
at, ſince heat eaſily renders Water lighter, To foſſil chryſtal Water was in 


Weight as 1 to 22; to Marble as 1 to 2 . In giving an account, however, 


of the comparative gravities of Bodies, we ſhould take notice of the degree of 
Heat in which the Experiments were made : For as the expanſion of Bodies 
of the ſame kind ariſing from the ſame Heat, are 1n a reciprocal proportion 
to their denſities, Fluids, however, * more expanded than * 
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| Metals are vaſtly leſs expanded by the ſame Heat than Water. For this rea- 

ſon, therefore, if the weight of Water is compared with that of Gold, or any 

other Meta] in different degrees of Heat, the Obſervations will never be found 

to agree: But if two quantities of different Water are examined and compared 

with Gold in the ſame degree, then that which is found to be the heavieſt, will 

always have diſſolved in it ſome other Bodies which are heavier than the Wa- 

ter itſelf. Hence the heavier Waters are, the more they are always to be ſuſ- 

pected of having ſomething heterogeneous in them; and for this reaſon, the 

Phyſicians always condemn ſuch Waters, as moſt prejudicial to health, on ac- 

count of the foreign Bodies mixed with them, which are often very pernicious, 

There have been ſome Well-waters, however, found to be lighter than in the pro- 

portion abovemention'd: And theſe are always ſo much the purer, and more 

wholſome ; except this ſhould happen from any Spirits being mix*d with them, 

Hippocrates, in his Book De Aere, Aquis & Locis F. XVI. ſpeaks of Waters that 

boil eaſieſt and paſs quickeſt, And again, F. XVI. he ſays, that Rain-water, 

which is the lighteſt, ſweeteſt, and cleareſt, is beſt for medicinal purpoſes. And He- 

rodotus has this paſſage, L. III. c. 125. The Ethiopians live to the age of 120 

years, and ſome of them more. Their food is boiled Fleſh, and their drink Milk, 

They have a Water upon which nothing will ſwim, neither Wood, nor things that 

are lighter, but in it all Bodies fink to the bottom ; and by means of this, they ar- 

rive io juch a great age. But where is there any ſuch Water to be found now- 

a-days ? Certainly no where : If there was, we might then compare our Water 

with it. But neither Nature or Art affords us any ſuch thing, no not by the 

moſt careful and repeated diſtillation. When I formerly, therefore, read this 

Paſſage of Herodotus, which I abſolutely believe to be true, I was induced to 

ſuppoſe, that the Wood in that part of Ethiopia was exceeding heavy, and at 

the ſame time the Water, in compariſon of ours, very light. And, indeed, we 

know, that in Aſia, Africa, and America, eſpecially in the hotteſt parts of theſe 

Countries, there grow ſome ſorts of Wood, which in hardneſs are equal to 

Iron, and in weight almoſt to Stone, and are hence called (Sideroxyla) Iron- 

Woods. Nay, how ſolid and heavy is our own Box, if it is but old and ſound ? 

Not to mention that fort of Oak called generally the Iron-Oak, and Guaiacum, 

if it is but good. And if we will but reflect upon that Wood in America, of 

which the Inhabitants make their weapons, we ſhall have no room at all to 

doubt, but that there were exceeding heavy Woods in thoſe places which He- 

rodotus makes mention of. And, indeed, modern Obſervations confirm almoſt 

every thing, which that great Man has aſſerted, notwithſtanding ſome perſons 

who have bur little learning, and are unacquainted with Natural Philoſophy, 

look upon many of them to be fabulous, and falſe. The lighteſt Water, how- 

ever, that we are now-a-days acquainted with, either natural, or rendered pure 

by Art, is always heavier than any Wine or Beer, prepared with Water from 
Vegetables by Fermentation. SE ; 

Fiuzdty of e ſecond property of Water, which it has in common with other Liquors, 

is its Fluidity; which in this is very remarkable. For it is here ſo great, that 

the ultimate Particles of Water, by a gentle Heat, or ſmall degree of motion, 

will recede from one another : So that Experiments made carefully, and on pur- 

poſe, have determined how much Water in a certain degree of Heat, and a gi- 

ven time, will exhale from a known Surface not agitated by the Wind. | 15 
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which examination, this is particularly obſerved, that, ceteris paribus, Water 
exhales ſo much the more, as it is more pure; and ſo much the leſs, as it is the 
more ſaturated with Salt. If it is pure, therefore, it has ſcarcely any tenacity 
in its parts, which upon being drawn, do not run out in long cohering Spirals, 
but are divided rather into dewy Particles. And when in diſtillation in an 
clean glaſs Veſſels, a warm watery Vapour ariſes with a gentle Heat, and ſticks 
againſt the cooler ſides of the glaſs head, it never runs down, and forms tena- 
cious ſtriæ, like Oils and Spirits, but diſcovers its diſſipated Particles in appear- 
ance of a fine Dew. But very ſalt Water, on account of the Salt and Bitumen 
mix'd with it, does not ſuffer its Particles to be ſeparated ſo eaſily as ſweer. 
Hence Fountains, Brooks, Rivers, Lakes and Ponds, ſend up more Water, 
in proportion, than the ſalt Sea, The exhalation of this,. however, which is 
very conſiderable, has been calculated by the ingenious Dr. Halley: For after, 
with pure Water, he had mix'd Seth part of Sea-Salt, and thus brought it to 
the Saltneſs of the Sea, he put it into a cylindrical Veſſel 7-2; inches wide, and 
4 deep, and then expoling it to a degree of Heat equal to that of the hotteſt 
Summer, in a ſtill place where there was no Wind, it exhaled 6 ounces in 
24 hours; and conſequently, in that ſpace of time, it had evaporated to the 
thickneſs of zths of an inch; tho? the Water in that degree of Heat is ſcarce 
ſenſibly warm, and by no means emits any viſible Vapour. Phil. Tranſ. N. 189. 
p. 366. If Water, however, is ſet in a cloſe place, where the Sun never 
ſhines, nor any Wind blows through, and is kept there for a whole year, it then 
exhales only to the depth of 8 inches. Halley. Ibid. p. 183. N. 212. But I have 
experienced myſelf, as I formerly took notice, that Water being expoſed'to the 
Wind, in a cylindrical Veſſel, was in a ſhort time, by the motion of it, diſſipa- 
ted into the Air. This I learned, by ſetting a braſs Veſſel 8 inches high, in 
which there was ſome Water at bottom, in the open Air, and between two 
Walls when the Wind was very high. The ingenious Kruquius has obſerved, 
that the Rain, Snow, Hail and Dew, collected in the ſpace of one year, con- 
ſidered as Water, roſe to the height of near 30 inches, and that in the ſame 
time the ſame quantity exhaled from Veſſels that were placed in a ſtill ſhady 
place, but in the open Air: Hence then it appears, that by the Heat of the 
Sun, and the Winds, Water is perpetually carried off, diſperſed, and render- 
ed volatile, and preſerved from ſtagnation and inſpiſſation; and hence we ſee 
the vaſt ſervice, and neceſſity of Winds. And again, which makes it as much 
as poſhble to our preſent purpoſe, hence we learn the great mobility of the 
Elements of the Water among one another, when by ſo light a cauſe, it ſuffers 
itſelf to be totally divided and reſolv'd in its ultimate Particles. EE 

This very great fluidity of Water, however, depends intirely, and ſolely up- Depending 
on Fire, which acting upon it in a certain degree, gives it this fluidity. For pie e 
if the pureſt Water we are acquainted with, is fo expoſed to the Air, that it ; 
may be perfectly reduced to its temperature, it then loſes its fluidity, when 
Fabrenbeit's Thermometer is fallen to the degree 32. Three and thirty degrees, 
therefore, of Heat, or Fire, ſerve to keep Water in a ſtate of fluidity. And 
ſo long as Water has this degree of warmth, ſo long it retains a motion in it- 
ſelf, nay and exhales too, and conſequently keeps fluid by means of this Fire 
preſent in it. 
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And thta But the natural cold of a very ſevere Winter, was obſerved at Gedanum to 
perry confi= decreaſe to the firſt degree in the ſame Thermometer, as we formerly mention- 
; ed in our Hiſtory of Fire; and in a natural way, the Heat of the Air ſeldom 
increaſes from that degree to the degree 80; whence it appears, which is 
pretty ſurprizing, that Water, tho? expoſed to more than + of the greateſt 
natural Heat, becomes and continues Ice, whilſt in the remaining part only, 
it becomes and continues Water. This certainly, was it not demonſtrated by 
indiſputable arguments, had never been believed. In Nature, therefore, there 
muſt be ſome weighty reaſon, that makes it neceſſary, that Water ſhould be 
Water only in that degree of Heat, and ſhould harden into the form of Ice, as 
ſoon as ever that is diminiſhed. _ 

Nor can is When the fluidity of Water, now, is once produced by this determined de- 
farther in. gree of Heat, it then continues exactly the ſame in every farther increaſe of it. 
creaſed, Nor has it been poſſible, by any means whatever, to render Water ſtill more 
fluid, tho? you make your Fire ever ſo ſtrong. Water, therefore, always ex- 
iſts in its moſt fluid ſtate, or becomes immediately Ice, and conſequently, the 
Fire cannot by any action divide its Elements any farther, but only removes 
them from one another, which being accompliſhed, it at once becomes as fluid 
as its nature permits. This again, which otherwiſe would have been ineredi- 
ble, the incomparable Newton has made appear by a famous Experiment ; for 
Pendulums oſcillating in the very coldeſt, and hotteſt Water, diſcovered that 

they met in both caſes with equal reſiſtances. Opt. p. 312. 
This, however, muſt be underſtood, to regard thoſe changes of Bodies only, 
which our ſenſes are capable of perceiving ; and here we muſt conſider only the 
lubricity of the Particles-of Water, which we ſuppoſe affect one another with 
ſo ſmall a coheſion, that it cannot, by Fire, be ſenſibly leſſen'd: For other- 
wiſe, we know very well, that from the 3 3d degree of Heat, to the 212th, Wa- 
ter grows continually lighter and rarer, and conſequently leſs reſiſting to the 
motion of the ſame Body, ſuppoſing it to continue of the fame ſpecific gravi- 
ty. This increaſed rarity of Water we have determined already in our Hiſtory 
of Fire. If we ſuppoſe then, that boiling Water takes up 4th more ſpace than 
it did before, how little difference can that make in the oſcillation of a Pendu- 
lum, with regard to our ſenſes? But then, beſides, as the Body of the Pendu- 
lum too will grow hot in boiling Water, it will hence make this ſmall difference 
Mill leſs ſenſible. And, indeed, if this was not the caſe, it is certain, firſt, that the 
reſiſtance yielded by Fluids to the Bodies moved through them, depends upon 
the corporeal Maſs of theſe Fluids, which is beſt expreſs'd by their denſities. 
Secondly, this reſiſtance ariſes from the force with which the Particles of the Fluids, 
when they are at reſt cohere with one another: Thus Wax, when it is cold and 
hard, will not tranſmit any Body through it, as it will when it is rendered 
fluid by Heat: Many expreſs'd Oils, likewiſe, harden in the Cold; and even 
Water itſelf, when by its proper degree of Cold, it is frozen, loſes for the fu- 
ture its power of letting Bodies paſs through it. And thirdly, the quantity of 
this reſiſtance depends likewiſe upon the magnitude, or ſmallneſs of thoſe Par- 
ticles, which together make up the Fluids, and into which they are at laſt 
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reſolved. 
The Ele- But if we farther examine the ultimate Elements of Water, we find, that 
m_ — when they are ſingly and ſeparately conſidered, they are exceeding ſmall; 
wad : and 
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and that to ſuch a degree, that it has hitherto been impoſſible to diſcover 
their true ſmallneſs, ſo as to compare it with any known meaſure. For one 
of theſe Elements, when it is by itſelf, cannot, by any helps whatever, be ren- 
dered ſenſible ; nor does it diſcover its ſize by concretion with other Bodies. 

If we compare, however, - the ultimate Particles of Water with thoſe of 
true elaſtic Air, the former ſeem to be much more penetrating than the latter, 
and diſpoſed to inſinuate themſelves into ſmaller Pores than theſe are capa- 
ble of entering; as we have ſeen already in our hiſtory of Air, Does not 
Water paſs through the inviſible Pores and Interſtices of Wood, which never 
tranſmit the leaſt elaſtic Air? And in the Apparatus for pneumatical Experi- 
ments does not the Water ſoak through the Leather, under the edge of the 
Receiver; which perfectly intercepts the paſſage of the Air? It muſt be con- 
feſſed, however, that this does not demonſtrate the true ſmallneſs of the 
corporeal Maſs which every ſuch Particle contains; for here we argue 
only from its penetrability, which depends more upon the figure of a 
Particle, than its true quantity of Matter. And if this conſideration is not 
properly attended to, we may fall perpetually into Miſtakes, by reaſoning 
from the penetrability of ultimate Elements to their true magnitude. Nor 
will it in this caſe be of greater ſervice to us to know the weight of theſe 


Particles; for from this, likewiſe, we cannot pretend to conclude certainly of 


their ſize. A grain of Gold, for inſtance, if it is formed into a perfect Sphere, 
will produce a Particle that will paſs through a ſmall meatus; but if you beat 


325 


Perhaps leſs 
than thoſe of 
Air. 


it out into a very thin plate, and then roll it up together, with how much dif- 


ficulty will it paſs through a great one? But what particularly gives me reaſon 
to doubt whether the ultimate Particles of Air are not in reality leſs, with re- 
ſpect to their corporeal bulk, than thoſe of Water, is this, that the Elements 
of Air may be placed in theſe Interſtices that are left betwixt the contiguous 
Element of Water, without making the Water at the ſame time condenſable; 
which you remember I demonſtrated before in our Hiſtory of Air. 


Tho? we cannot however certainly determine the ſmallneſs of the Particles of cy 
Water, yet this, in the mean time, we are ſure of, that there is no known Fluid, more pene- 


whoſe parts are more penetrating than thoſe of Water ; except Fire, which pe- 
netrates every thing; Magnetiſm, if you ſuppoſe that to act like a Fluid upon 
Magnets and Iron; and Light, if you will have that to be different from Fire, 
and at the ſame time to have the nature of a Fluid. Setting theſe afide, then, 
I ask the Philoſophers, if they can produce any Liquor, which ceteris paribus 
will paſs through any paſſages that are impervious to Water? I am very ſenſi- 
ble, indeed, that Oils will ſometimes ſoak through wooden Veſſels, in which 
Water might be contained; but then the Oil diſſolves the Oil, and Reſin of the 
Wood, and ſo they both run out together; whereas the Water, not being able to 
diſſolve the reſinous oily Subſtances, is very well ſecured, juſt in the ſame manner 
as we ſee Water won't run through Paper that is well ſoaked in Oil, though Oil 
itſelf drops through it readily. And hence it happens, that Syrup of Sugar, 
though a pretty thick Liquid, will penetrate through wooden Casks that will 
hold Water; for Sugar diluted with Water is a Lixivium, which by its ſapo- 


trating than 
others. 


nacious quality diſſolves the tenacious Subſtances of the Wood, which the 


Water cannot. Hence, too, ſaline Lixiviums, eſpecially from fixed Alcali's, 
can ſcarcely be contained in wooden Veſſels, which ſerve very well . pure 
| a ter. 
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Water. Water, then, among all ſimple Liquors, that we are hitherto ac- 
quainted with, is the moſt penetrating, and moſt fluid, | 

All Metals, however, though they are beat out into thin Plates, and then 
formed into Veſſels, will hold Water, nor ſuffer it to paſs through their Pores: 
All Gems exclude it, both the more precious and the leſs: No known Flints 
tranſmit it: Stones that are naturally hard, and hard, heavy, rocky Subſtan- 
ces, perfectly reſiſt its paſſage though them: Sulphurs are not penetrable by 
it ; nor any Glaſs hitherto known, whether made from Flint, and an Alcali, or 


from Metals, if it is but well united, and has no Cracks in it: Some denſe, 


hard, heavy, reſinous Woods abſolutely prevent its penetrating through. them; 
though the lax, ſoft, light, watery, ſaline ones, are not capable of contain- 
ing. it, but ſuffer it to run through them 3 as do likewiſe Pumice-Stones, 


and other porous, ſpongy Stones: Our earthen Veſſels made of Clay, and 


_ tho! it is now, ſince the Water was firſt put into it, 120 years, 


Tho agitat- 
ed by Heat. 


burnt Bricks, common Mortar made of Sand and Lime, and that made of the 
Lapis Topbæus, which vitrifies by drying, will hold Water likewiſe. Glaſs, 
however, which neither makes any alteration in Water, nor ſuffers any from 
it, affords us the beſt Veſſels for keeping it. Clavius, the Mathematician, 
poured ſome Water into a Bolthead, and then ſealed the mouth of its long 
neck hermetically, and marked with a Diamond the place to which the Wa- 


ter roſe at that time; he then hung it up, and 80 years after, it was found 


in Kercher's Study, juſt as full as it was at firſt ; and perhaps it is ſo ſtill, 
If Water is contained in a Veſſel perfectly cloſe, that will not melt when 
it comes to be hot, and the Water cannot paſs through when it is cold purely 
on account of the ſmallneſs of the Pores of the Veſſel; then, if it is agitated 
by Fire, it will ſtill remain incapable of making its way out. This we fee 
evidently in all our diſtillations made in proper Veſſels: This the Experi- 


ment of Chriſtopher Clavius, juſt mentioned, plainly evinces: This we ſee 


clearly in Papin's Digeſter, and in the Aolipile, which being thrown into the 
Fire when full of Water, confines the Vapour of the Water, though agitated 
with a violent impetus, and only tranſmits it through the mouth when it's open'd. 
I know ſome great Maſters in the Art are of another opinion, imagining, that 
the very ultimate Elements of Water are attenuated by Heat; fo that after 
a great number of diſtillations, they acquire ſo great a ſubtlety as to be able 
to tranſpire through the Subſtance of the Glaſs. See the famous Stabl, in 
his Fund. Chem. Dog. & Exp. p. 38. F 7. But what he mentions there is upon 
the authority of other perſons; and certainly it is a very difficult matter to 
lute the Veſſels ſo accurately together, that nothing ſhall be able to inſinuate itſelf 
through the cement. Joachim Becher, indeed, aſſerts, that Water, by a great 


number of repeated diſtillations, may be brought to have a ſurprizing, corroſive 


faculty. Stahl. 18. p. 120. $6. But for my own part, in the great number 
of Experiments I have been engaged in, I don't remember ever to have ſeen 
the leaſt ſign of any ſuch penetrability or acrimony. In the mean time, how- 
ever, I have been abundantly convinced, that there is nothing more difficult in 
the chemical Art, than to repeat a diſtillation a great many times in an Ela- 
boratory that is hot, and full of Vapours, without loſing ſomething of what 
you are diſtilling, and having ſomething foreign mixed with it. 

But 


5 
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But it has been farther obſerved, that Water being contained in a ſtrong Or by pref- 
Veſſel, which it was not able to penetrate, could not, by being compreſſed by a 
vaſt force and weight, be made to paſs through its Pores, but remained totall 
included in it. Pleaſe to think only what a prodigious compreſſure there 1s 
in Papin's Digeſter, and yet not a drop of the Water is forced through. The 
ſame thing was tried formerly in the Hydraulic Machine ABCD. This con- Pl. 1x. 
ſiſted of a hollow Cylinder AB, made of Braſs, and cloſely ſoldered up. At B — 
only it opened into the Tube BC, which was ſoldered to it, and at C was pro- 
duced upwards at right Angles to the height D of ſix feet, ſo that there was a 
free communication betwixt the Cavity AB, and that of the annexed Tube 
i BDC. At A there was a Cock E, a little above the top of the Cylinder AF, 
by which you might keep in the Liquor in the Veſſel AB, or let it out at plea« 
ſure. This then being open, the Veſſel AB, by pouring Water in at D, was 
perfectly filled; after which, the Cock being turned, more Water was poured 
into the Tube BC, which, according to the laws of Hydroſtatics, preſſed the 
Water in AB fo forcibly, that the Veſſel was diſtended, and the Copper Plate 
AF was forced outwards, and raiſed up, though there was“ a great weight ſet 
upon it, and yet not one drop of Water ſweated through, But when the Wa- 
ter came to be raiſed almoſt as high as D, then by the prodigious preſſure, 
the ſoldering was burſt, and the Water run out at the Cracks. From theſe 
inſtances then, Gentlemen, it plainly appears, that Water, though it is com- 
preſſed by the greateſt force, will not paſs through thoſe Pores, through which, 
by the fineneſs of its parts, it would not have infinuated itſelf ſpontaneouſly, 

There is a plauſible Experiment indeed mentioned by the Academy del Cimen- 

70, in their Hiſtory of Experiments, p. 203, 204. which ſeems to make againſt 
this aſſertion, For a hollow metal Sphere, being perfectly filled with Water, 

and then accurately cloſed, they put it into a ſtrong preſs, and upon compreſſing, 
it very ſtrongly, they obſerved the Water to ooze through the Pores of the 

Metal. But here, as a Sphere is the moſt capacious of all Bodies, that are iſope- 

rimetrical, it cannot, by the force of the preſs, be changed into any other 

figure, upon the incondenſable Water, without the cohering parts of the Me- 

tal receding from one another, and its fubſtance being rendered thinner ; and 

as the Water at the ſame time being compreſſed, acts as it were like an 
Augre upon the Pores of the attenuated Plates, it is poſſible, that the metalline, 

elaſtic Lamina way be ſo diſtended upon the Water which is not condenſable 

by any force, and conſequently of infinite reſiſtance, that the Water may be 
preſſed through the Pores of the Metal, which when the preſſure is over, may 

by its contractile force reſtore itſelf, and cloſe up the Pores again. 

We are perſuaded, therefore, that as on the one hand the ſingle Elements of WOE 
Water cannot be increaſed by any cauſe, except Fire alone, which ſeems to yecome lets 
exert this power univerſally upon all Bodies; ſo on the other, that they _ 
cannot be leſſened but by the abſence of Fire, or Cold, or which is the ſame 
thing, by being left to themſelves, or freed from Fire. But this ſenſible dimi- 
nution, now, of the Elements of Water, conſidered as they conſtitute Water, 

does not extend itſelf lower than to 32 degrees of Heat, for then Water con- 
tinues Water no longer, but is converted into Ice. And that contraction of the 
Elements of Water, which happens after they come to be Ice, cannot be ob- 
lerved any longer, becauſe the Air, being expelled by the cloſer e 4 
nOoIe: 
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thoſe Elements, begins to form itſelf into elaſtic bubbles, which then by their 
elaſticiry expand the Ice, more than the Cold contracts it. Hence, however, 
we underſtand a Paradox, which the Maſons affirm they have often obſerved, 
viz. that cold Water ſoaks through walls more eaſily than hot. For when 
we were treating of the dilating power of Fire, it appeared, that Water is 
more condenſed by Cold than Stones; ſo that the Pores of Stones are leſs con- 
trated by the ſame Cold than the Elements of Water, whence it may happen, 
that Water, in its greateſt degree of Cold, may paſs through thoſe Meatus's 
which were too ſmall for its Elements, when it was hot. 

N This then being conſtantly obſerved to be the caſe, we conclude, that Fire, 

Fire. let its force be applied and continued in what manner you will, can never 
divide the Elements of Water into ſmaller Particles, but can only with its ut- 

moſt effort extend them into a larger Bulk, and then ſtrongly agitate them 
among one another; which ſeems to be the limits of the efficacy of Fire upon 
Water. Rain-water, which was catched upon the Obſervatory of our Acade- 
my, I diſtilled in very clean Veſſels, and with a gentle Fire, and after having 

kept it ſome Years well topped, I found it exactly the ſame, without the leaſt 
difference, whether chemically examined, or hydroſtatically. 8 

2 always Since 33 degrees of Heat now diſſolves Water in ſuch a manner, as to render it 

dich by it. fluid, hence we are certain, that the particles of Water are always in motion, 
ſo long as by this Heat it continues to be Water: For this Heat, in which 
Water 1s turned into Ice, is more than of the greateſt natural Heat; and cer- 
tainly a Fire ſo great as is able to melt hard Ice, muſt neceſſarily be capable 
afterwards of keeping its Particles in motion. Hence, therefore, we ſuppoſe, _ 

; that Water, though conſidered together as at reſt, has its Particles kept in a 

| | conſtant agitation. Nay, and the ſolution of Salts, too, in Water, ſeems to 

evince, that its Elements are in continual motion ; though this ſolution, indeed, 

1 appears rather to be attributed to attraction, than repulſion: In the mean time, 

| 1 however, it don't ſeem likely that the whole Maſs would be diſſolved, - unleſs 

| the agitated Elements of the Water were kept conſtantly moving from one 

| ow place to another, and by this means were ſucceſſively applied to the ſolvend 

L Salt. By the help of Microſcopes, likewiſe, we are able to perceive a motion 

in the Particles of Water, And laſtly, it is plain, Water muſt be rarely at 

reſt, in any Veſſel whatever, as every thing almoſt on which it can ſtand, is 

continually affected with a tremulous motion. 

Hence, therefore, are not the ultimate Elements of Water perfectly immu- 
table? Certainly they ſeem ſo firm and conſtant to the Figure, which once they 
are formed with, that no power of Art or Nature has yet appeared capable 
of altering it. And this will always hold equally true, whether ycu conſider 
4 them ſingly and ſeparately, or as they are collected together, and compoſe one 
1 Body. For ſince from every Operation it returns conſtantly the ſame as when 
F it was applied, neither becoming denſer or rarer, heavier or lighter, thicker 

or thinner, it plainly demonſtrates, that both the bulk and figure of its Par- 

| ticles have remained the ſame : For if by the force that ated upon them, their 
4 Hh | figure had been changed, then the contact of the Elements had been changed 
4 likewiſe, and conſequently, there muſt have been ſome alteration produced in 
the Interitices berween thele Elements, whence would ariſe ſome difference in 


the denſity and gravity of the whole Body. Suppoſe, for inſtance, the Ele- 
PR ot | ments 


And immu» 
table. 


Theory of the ART. 
ments of a Body to be ſpherical, and that theſe afterwards, by being compreſſed 
together, are changed into Cubes, then the Interſtices between the ſpherical 
Elements, in the firſt caſe, being the greateſt poſſible, would produce 
the greateſt lightneſs,'and rarity, which being quite filled up by the Cubes, in the 
laſt, the Body would acquire its greateſt denſity and gravity: But nothing of 
this nature is ever obſerved in Water. In the Zolipile expoſed to a ver 
{ſtrong Fire, the Water, by the violence of the Heat, the reſiſtance of the 
Veſſel, and the ſtraitneſs of the paſſage through which it is let out, is prodi- 
giouſly agitated, divided, and rarified ; and yet the Vapour received into a 
Veſſel gives you always the very ſame Water that was put into it. 

Theſe Elements, therefore, ought by no means to be looked upon as a kind Nor fexibla 

of little flexible Eels, moving about in ſinuous convolutions, as the ſubtil 
Deſcartes, and the famous Stairs, have imagined: But on the contrary, the 
ultimate Particles of Water ſeem to be exceeding rigid, perfectly inflexible, 
and of an adamantine hardneſs. Are they therefore perfectly ſolid Spheres ? 
This ſeems ſufficiently probable. If the Air, therefore, that is intercepted be- 
| twixt theſe Elements ſhould reſide there in a ſpherical form too, then the 
Space taken up by the Water, would be to that taken up by the Air, as 100 
to 7, nearly as 14 to 1, according to the computation of the ingenious 
Cruquius. : 

But again, by various, and unexceptionable Experiments of the Academy ans "rug 
del Cimento, it has been made evident, that the Elements of Water are not com- Pens 
preſſible by any force whatever. p. 197 to 207. Du Hamel likewiſe informs 
us, that a Sphere of Gold, when it was perfectly filled with Water, could not 
be compreſſed. That a Leaden Sphere, indeed, full of Water was compreſſi- 
ble by the Hammer, Colbertus tells us, Phyſic. General. Part I. p. 4. Lord 
Verulam relates too, that a Tin Sphere, being filled with Water, and then 
ſtrongly compreſſed, upon making a hole in it, made the Water fly out. Boyle 
aſſerts, that it rhrew it to the diſtance of three feet. Exper. 20. and Stairs 
affirms the ſame, p. 396. Theſe laſt Experiments therefore ſeem to invali- 
date the Opinion of the Academy abovementioned : But here there are two 
things that ought to be carefully conſidered. In the firſt place, in the filling 
of theſe Veſſels, the Air may eaſily inſinuate itſelf, and lie concealed betwixt 1 
the Sides of the Veſſel and the Surface of the contained Liquor; and if this =. 
is the Caſe, then when it afterwards comes to be compreſſed, it will preſs out 1 

the Water wherever there is a vent, till it is reduced to the common denſity of 
the Atmoſphere. And ſecondly, as I hinted before, the Particles of the Me- 
tal being diſtended upon the Water, and endeavouring to contract themſelves, 
muſt, upon any Hole being made in the Veſſel, immediately force out the 
Water. Theſe inſtances, therefore, are not ſufficient to prove any compreſſi- 
bility, or elaſtic Spring, in the Water, which the Florentine Experiments ſeem 
intirely to deſtroy. Hence, then, Water, in reſpe& to compreſſion, and the 
denſity that ariſes from it, appears to ſuffer nothing at all from the different 
weight of the Atmoſphere, let the variation be ever ſo great. And here cer- 
tainly the Works of the Author of Nature appear very wonderful, whilſt we 
lee one Element, as Air, formed with almoſt an infinite Elaſticity, whilſt ano- 
ther, as Water, 1s not elaſtic at all. In making all theſe Experiments, how- 
ever, what a prodigious deal of caution 15 neceſſary? For if there is 1 
u leaſt 
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leaſt common Air, beſides what is in the Water itſelf, intercepted and de- 
tained between the concave Surface of the Veſſel and the convex one of the 
Water, which may eaſily be the caſe, as we ſee by the Bubbles formed upon 
the poliſh'd Surfaces of ſmooth Bodies immerged in Water; I ſay, if there are 
any ſuch Bubbles as theſe, though they are firſt exceeding ſmall, yet afterwards, 
by being united together, they may form there a conſiderable quantity of Air, 
which, upon being compreſſed, will exert a very great expanſive force, which 
one may be eaſily led to aſcribe to the Water itſelf. But we muſt be very care- 
ful, likewiſe, that, during the time that the Experiments are making, the Heat 
of the Water is neither increaſed nor diminiſhed ; for as the expanſion of Wa- 


ter upon Heat, and its contraction upon Cold, is very conſiderable, - by this 
means, likewiſe, the event may prove fallacious. But in the third place, we 


may here take notice farther, that though the Air which is lodged in the inter- 
ſtices left between the Elements of Water, has there no actual elaſticity, yet, 
when itis expanded by a certain degree of Heat, is forced out thence by a 
hydroſtatical force, and becomes united together, it then acquires. an elaſtic 
power, in the ſame manner as it does in the Air-pump, when 1t is abſolutely 
drawn out of it; if this then ſhould happen to prove the caſe here, the Air 
which before being diſperſed through the Water, did not appear elaſtic, now 
it is ſeparated, and not immediately abſorb'd again into the Water out of 
which it was expreſs'd, will exert a true elaſtic force. Except therefore all 
theſe cautions are carefully attended to at once, an error may eaſily happen 
in theſe Experiments: For which reiſon it always ought nicely to be examined, 
whether there are any ſuch Bubbles in theſe Veſſels, or no. 
The fourth property which the order of our Subject leads us to take notice 
of in Water, is its exceeding great ſimplicity : For if it is pure elementary 
Water, it does not diſcover the leaſt diverſity in its parts, fo that it is eve- 
ry where found to be exactly the ſame; and by what has been already laid 
down, it appears to be immutable in its bulk, figure, denſity, weight, and 


other Properties. The Alchemiſts now obſerving this conſtant ſimplicity of 


Water, fell into an opinion, that all Bodies, in particular the more ſimple ones, 
were produced from Water alone, as their original Matter, by means of a ſe- 
minal faculty in their Seed, and a quickening Fire. Hence Paracelſus Arc hid. x. 
c. 3. Water is the proper Element or Sea, that is, the true Mother of all 
Metals. And Helmont throughout his whole Works endeavours to advance and 
inculcate this Doctrine. And for this reaſon they aſſerted farther, that all Bo- 
dies, when they are perfectly and radically diſſolved, by the univerfal Solvent, 
are at laſt reduced into a homogeneous, elementary Water, their particular, 
ſeminal power being quite deſtroyed. Conſult Helmont in every part of his 
Writings. This Opinion, however, ſeems rather founded upon Hiſtory and 
Diſputation, than any Experiments which have been related in ſuch a manner, 
that a ſober man can fairly give credit to them. For after Moſes, the moſt an- 
cient Writer, had delived a tradition, that the Spirit of God, brooding upon 
the face of the Waters, had communicated to them a prolific virtue, the 
wiſeſt of the ancient Perſians looked upon Water as the principle of Bodies. 
Hence the ſame doctrine came to be in vogue among the Egyptians, from 
whom Thales the Mileſian carried it into Greece, by which means it at laſt 
came amongſt the Chemiſts, Hence the followers of Van Helmont — 
only 
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only two ſimple, natural Bodies. viz. Water perfectly ſeparated from every 
thing foreign, and heterogeneous, and Mercury freed too from every thin 
heterogeneous, and from the taint of its own inherent, original Sulphur, whoſe 
ſimplicity then would be greater than even that of Gold. Mercury, however, 
itſelf they aſſerted to be the offspring of Water, from which it originally 
has its riſe, and into which it may at laſt be reſolved. Hence they ſuppoſed 
Water to be the univerſal nutriment by which all Bodies are ſupported, which 
no Art whatever is capable of making any alteration in, but only the innate 
faculty of created Seeds. | | 


As a fifth property of Water, we reckon its mildneſs. And this quality it Exceeding 
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is endued with to ſuch a degree, that if it is reduced to the Heat of a heal- mild. 


thy Body, and then applied to any of its parts, which have the quickeſt Senſe, 
it not only don't excite any pain, but it don't ſo much as raiſe any other ſenſa- 
tion than what is cauſed by the natural humours, and the parts feel when they 
are perfectly ſound. If, for inſtance, it is applied to the Cornea of the Eye, 
than which there is ſcarce any part ſooner affected with pain from any thing 
ſharp, it does not cauſe the leaſt uneafineſs. To the Membrane of the Noſe, 
which is made up of Nerves that lie almoſt bare, it is neither troubleſome, 
nor affects it with any new ſmell ; nay, if you apply it ſoftly to the Nerves, 


when they are ſtretched with an inflammation, and from any very light cauſe grow | 


ſo exceeding painful, it produces no manner of inconvenience. In crude Ul- 
cers, which can't bear the leaſt touch of the ſofteſt thing without uneaſineſs, 
warm Water cauſes no irritation at all : Nay, foment even the bare and half- 


deſtroyed Nerves of an ulcerated Cancer with warm Water, and inſtead of 


increaſing the ſharpneſs of the Pain, you will aſſwage it; whereas if you ap- 
ply any thing elſe to them, it will make it worſe. The organs of ſmelling it 
does not affect with any ſmell, thoſe of taſting with any taſte, thoſe of ſee- 
ing with any colour, or the nerves with any ſenſation. Among all the humours 
of the human Body, it is found to be the mildeſt, even the Oil itſelf not ex- 
cepted, which, let it be ever ſo ſoft, by its tenacity gives the Nerves a kind 
of uneaſineſs. And among thoſe Elements which Art is capable of extracting 
from theſe hamours, Water, when it is pure, is always obſerved to be the moſt 
mild. And laftly, it demonſtrates its excellent mildneſs, by being able to di- 
lute things acrid, in ſuch a manner as to deprive them of their natural acri- 
mony, and render them harmleſs, with reſpe& to the human Body. A drachm 


of the Liquor drawn from Vitriol, for example, by the extreme force of Fire, 


called by the Artiſts the pureſt Oil of Vitriol, drank by a perſon with an empty 
ſtomach, would prove a violent poiſon, burning up his throat, #/ophagus, and 
ſtomach.z and yet if the ſame is diluted in ſix pints of Water, it will do no 
harm, though you drink it all. And in other inſtances the ſame thing nearly 
holds true. 


In reſpect, therefore, of both theſe qualities, warm Water is eſteemed one Hence an 
a. odyne. 


of the principal Anodynes, and Paregorics in Phyſic, and is hence recommen 
ed by Hippocrates as the ſofteſt Fomentation for the ſharpeſt Pains. 


The ſixth property which we obſerve in Water, is its diſſolving power, by The digetv- 


ing power of 
Water» 


which it is able to diſſolve certain Bodies in ſuch a manner, that when they 
are diluted in it, you will have a Fluid, in which the diſſolved Bodies ſhall 


be ſo equably diſtributed, that in every part of the Water there ſhall be a 
a Uu 2 proportional 
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Firſt upon 
Umple Salts. 
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proportional part of the ſolvend. As this ſpeculation, now, is of conſidera- 
ble conſequence, ſo it will be moſt readily underſtood, by examining in or- 
der thoſe Bodies upon which Water is capable of acting in the manner deſcrib- 
ed; and theſe are as follows. | 

Firſt, all true, ſimple, foſſil Salts, whether exiſting in a liquid or ſolid form. 
Hence Sal-Gem, Fountain Salt, Sea Salt, Borax, Nitre, Sal- Ammoniac, and 
the alcaline Salt of Chalybeat Waters, as it is juſtly accounted by the famous 


| Hoffman: As likewiſe the foſſil, acid Salts, which are rarely found in a ſolid: 


form, but being almoſt always liquid, are referred to the Acid of Sulphur, called 
the Oil or Spirit of Sulphur per Campanam ; to the Acid of Alum forced out by 
an extreme Fire, called Oil of Alum; to a ſimilar Liquor, drawn in the ſame 
manner, from Vitriol, called Spirit or Oil of Vitriol ; all which three ſorts of 
Acids, being perfectly depurated, and reduced to their greateſt ſimplicity, 
ſeem hardly at all to differ from one onother. It is exceeding difficult indeed 
to free them intirely from all their Water, and when you have done it, they 
immediately attract more into them out of the Air, as greedily as fixed, al- 
caline Salts do, when they are dried in the ſtrongeſt Fire. When you have 
ſeparated it from them, however, very nicely, they may be kept ſome time 
in the Cold, in form of ſolid Chryſtals ; but as ſoon as ever they attract any: 
moiſture out of the Air, they melt again, or if they are expoſed to a ſome- 
what greater degree of Heat, for then, like Ice, they perfectly become fluid, 


Hence, however, we ſee, that theſe acid Salts, when they are quite freed from 


their Water, are capable of acquiring a ſolid form, though they retain it 
with a great deal of difficulty. The other ſimple, foſſil, acid Salts, are the 


acid Spirits of Nitre and-Sea Salt; and theſe are always fluid; for they are 


of ſo volatile a nature, that they themſelves fly off with that degree of Heat, 


that is neceſſary to ſeparate their Water. All theſe foſſil Salts, now, may be 
diſſolved in Water, according to the Law abovementioned. 


Ina diffrent In the ſolution, however, effected in this manner, there is obſerved a very 


Wanner. 


conſiderable and manifold diverſity. For in the firſt place acid Salts, that lie 
almoſt always liquid, and therefore are already diluted with ſuch a quantity of 
Water, as to render them fluid in a certain degree of Heat, may be diſſolved. 
in any quantity of Water whatever, be it ever ſo ſmall: If you take, for in- 
ſtance, a pound of the ſtrongeſt Oil of Vitriol, and mix it with only one 
drachm of Water, you will ſo accurately divide the Elements of. the Oil of 
Vitriol, that it ſhall be all perfectly diſſolved in this one drachm of Water. 
And this is the caſe of all other acid Salts, that we are hitherto acquainted with, 
But on the contrary, thoſe foſſil Salts that are of a ſolid form, will not ſuffer 
themſelves to be diflolved, except you apply to them a certain quantity of 
Water, If you make uſe of leſs than is neceſſary for this ſolution, then, ſuch a 
part only of the Salt will be melted, as that quantity of Water will take up, the 
remainder ſtill continuing ſolid. When theſe Salts, however, are once perfect] 

diſſolved in a proper quantity of Water, they may afterwards be farther diluted 
in any quantity whatever. Take, for inſtance, an ounce of dry Sal Gem, and 


diſſolve it in three ounces of Water, and you will have a ſimple Lixivium, to 


which, if you add only one ſcruple of Water, the Lixivium will be perfectly 
and equably diluted by it. And this property, certainly is very remarkable, 
inaſmuch as there is no end to this dilution ; for when a foſſil Salt is once 


diflolved. 


diſſolyed in Water, it may afterwards. be diluted in the ſmalleſt; or. greateſt 
quantity of Water, in ſuch a manner, that in every portion of the ſolvent 
Water there ſhall be a proportional part of the diſſolved Salt. But in this 
diſſolving power of Water it is obſerved, in the ſecond place, that if the Wa- 
ter poured upon the Salt is ſnook about with it, the ſolution is ſooner effected, 
and more Salt is diſſolved; whereas, if it ſtands quiet, it is longer about, and 
the Water takes up leſs. In the third place, hot Water diſſolves Salt in a great 
deal leſs time than Cold, and takes up, and retains a great deal more. Hence 
Water that has only 32 degrees of heat in it, performs its office ſloweſt, and 
diſſolves leaſt Salt of all; whilſt boiling Water, which has 212, does it quick- 
eſt, and diſſolves moſt. And this is always obſerved to happen in proportion 
to the degree of Heat and Cold. For if you diſſolve Salt in boiling Water, till 
the Water is perfectly faturated, and then remove the Veſſel from the Fire, you 
will obſerve, as the Water grows gradually colder and colder, it will continual- 
ly precipitate more and more Salt to.the bottom, *cill at laſt, when it is reduced 
to the 32d degree of Heat, it will have diſcharged a very large quantity of 
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Salt in a ſolid form; and if then by a ſtill greater degree of Cold, this ſalt 


Water begins to freeze, there will in that caſe be yet more Salt ſeparated from 


it, ſo that in the ſharpeſt Cold of all it will be nearly all expelled, and ſo long as 
that Cold continues, will remain with the Ice, of a ſolid conſiſtence. But again, 
the ſalt Water, which when acted upon by ſo ſharp a degree of Cold, diſcharg'd 
the greateſt part of its Salt, will be much ſooner thaw'd again upon the applica- 


tion of Salt to it, than common Water will without, in the ſame degree of 


Cold : For as Salt, on the one hand, by being mixed with Water, keeps it 
from freezing, *till the Cold is increaſed a good deal below that point in which. 
pure Water would have froze :. So, on the other, if you apply Salt to Ice in that 
very ſame degree, preciſely, in which if the Salt had been mixed with the Wa- 
ter, it would have been juſt upon freezing, it will reduce this Ice to Water, 
though without it, the Ice would have required ſeveral more degrees of Heat to 
diſſolve it. By this ſurprizing property, then, we ſee, that Salts have a power 
to prevent the aſſociation of the parts of Water, and their concretion into Ice, 
and that by the application and interpoſition of their own Particles. Hence the 
Water of the Sea is a good while longer before it freezes than freſh Water, 
and requires a much greater degree of Cold. In the fourth place, the concre- 
tion of Salt, before diſſolved in Water, called chryſtallization, appears from what. 
has been ſaid to ariſe, firſt, from the want of a ſufficient quantity of Water to 
dilute it; ſecondly, from the Liquor's being at reſt, in which the Salt is diſ- 
ſolved 3 and, thirdly, from Cold: For theſe three are the inſtruments by which. 
chryſtallization is brought about. But in the fifth place, we obſerve farther, 
that the diſſolving power of Water operates much ſooner upon one Salt than 
another; as we ſee Sal Gem is ſooner diſſolved, in the ſame Water, than Borax: 
and the ſame quantity of Water too will diſſolve more of one Salt than ano- 
ther, as we ſee likewiſe in the ſame Salts. And ſixthly and laſtly, when Water 
is ſo perfectly ſaturated with one kind of Salt, that if you add any more it will 
fall undiſſolved to the bottom ; yet even then it will be capable of diſſolving 
a good deal of another fort, and that without letting go the former. Satu- 


rate, for inſtance, Water of a certain degree of Heat with Sal Gem, ſo that it. 


won't diſſolve the leaſt grain more, and it will, nevertheleſe, take up a. ſmall. 
Es quantity, 
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quantity of Nitre; and yet the Sal Gem will remain perfectly diſſolved in the 
Water as before. Nay, and when it is thus ſaturated with theſe two Salts, 
it will ſtill be able to diſſolve ſomewhat more of another. If the Philoſophers 
and Chemiſts, therefore, would properly conſider theſe Phenomena, it would 
open a way to farther inquiries into the nature of the Solution that Water ex- 
erts upon Salts, than have yet been made. | 
Secondly, In the ſecond place, pure Water diſſolves thoſe Salts that are called Metalline, 
upon cm- Or Terreſtrial Salts ; by which we mean the Chryſtals or Vitriols produced from 
poundSalt Metals corroded by Acids; and that, whether theſe Acids are Foſſil ones, as 
in Vitriol and Alum ; or Vegetable ones, as in Verdigreaſe. All theſe Vitriols, 
now, it appears by chemical Experiments, are compounded of a folvent Acid, 
a Water diluting this Acid, and a corroded Metal, united by a certain Law, 
and in a certain proportion into one Glebe. Whilſt all theſe Bodies are thus 
diſſolved in Water, the ſame ſix conditions juſt now mentioned, will hold good 
in theſe likewiſe. | | | res 
And upon But in the third and laſt place, Water has a power alſo of diſſolving the Salts, 
_ thoſe both of Animals and Vegetables, whether native, or produced by Art. Acid, 
Vegetables, Rough, Salt, Alcaline, Compound, Ammoniacal, Fix*d, Volatile, Semi-fix'd, 
and Simple ones, thoſe ariſing from a Salt and Oil, combined together, and 
thoſe produced by Fermentation, Putrefaction, and Combuſtion, are all diſſo- 
Iuble to Water. But here again, there is obſerved the ſame variety in the ſolu- 
tion, as we obſerved above. And among all theſe different kinds of Salt, Tartar 
is diſſolved with the greateſt difficulty. 
Theſe thing All theſe things, now, I'll demonſtrate to you by various Experiments. 
confirmed by Firſt, then, in this Glaſs, I have an ounce of pure Water, into which I drop 
bebe. four drops of Oil of Vitriol, and upon ſhaking it together, the Liquor through 
the whole grows equally acid. 2. Here again, I have an ounce of Oil of Vitriol, 
into which I drop four drops of Water, and upon ſhaking the Veſſel, the Li- 
quor, as before, becomes uniformly acid. Hence then it appears, that acid 
Salts, whether mixed with Water in a greater or leſs quantity, are moſt equa- 
bly divided by it, and moſt intimately diſperſed through it. 3. With an 
ounce of Water, I mix half an ounce of dry Sea-Salt, part of which diſſolves, 
and the remainder lies undiſſolved at the bottom. 4. To a very ſtrong Brine 
of Sea-Salt, I add any quantity of Water whatever, and they very equably mix 
with one another. 5. If the ſame is performed with Nitre, Sal Gem, Borax, 
Sal-Ammoniac, Salt of Tartar, a dry alcaline Salt, a volatile alcaline Sal- Ammo- 
niac, with Alum, or Vitriol, the effect will be perfectly the ſame, as in the 
third and fourth Experiments: All which I have here ſer before you. 
' Theſe Salts, therefore, in order to be perfectly diſſolved, require always a cer- 
tain determined quantity of Water, nor can Water diſſolve ſolid Salts, but to 
a limited portion of them. All thefe Salts, now, that I here made uſe of, were 
firſt very carefully dried, and reduced to a very fine Powder. If we could, by 
any Art now, perfectly free acid Salts from all the Water that 1s mixed with 
them, it is very probable, that their Particles being then united and concreted | 
Into a ſolid form, would in a certain degree of Heat require a determined quan- 1 
tity of Water to reduce them again to a ſtate of fluidity : For if the ſtrongeſt 3 
Oil of Vitriol is expoſed to a great degree of Cold, it requires a certain portion 
of Water to prevent its ſhooting into ſolid Chryſtals; nor will that which is ; 
| 4 diluted 
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diluted with Water thus congeal in the Winter, but only that which is exceed- 
ing pure. It is not an eaſy matter, however, to give you an inſtance of ex- 
hibiting pure acid Salts in a ſolid form, without the concurring aſſiſtance of a 
very great degree of Cold, and hence Perſons have generally imagined, that 
theſe acid Salts may be always diluted with the leaſt quantity of Water; but 
this, you ſee, muſt be underſtood with ſome reſtriction, agreeable to what we 
have now obſerved. And thus much for the proof of the firſt propoſitions. 
Into three ounces of the pureſt diſtill'd Water, I here put one ounce and one The gan. 
N drachm of Sea-Salt, all which, if they ſtand at reſt, will diſſolve in time, oy of ater 
tho? ſlowly 3 but if they are ſhook ſtrongly together, it is all diſſolved preſent- due Sits, 
ly. To the ſame quantity of Water, in each of theſe Veſſels, I add the ſame 
quantity of Salt, but one of them I keep here in the Cold, whilſt I ſet the other ? 
upon the Fire; and the Salt in the warm Water diſſolves much ſooner than that 
in the Cold. With twelve ounces of diſtill'd Water, I here mix five ounces of 
Sea-Salt, and upon boiling them together, they are intirely diſſolved: I add 
now as much boiling Water as was loſt by boiling, and you ſee in this degree 
of Heat, there is a perfect Solution. I cover the Veſſel that nothing may ex- 
hale, and ſet it by to cool, and the Salt concretes again in the Cold, and from 
the degree of ebullition, quite down to the degree 32, this Lixivium of Sea-Salt, 
which was as well ſaturated as it could be rendered by boiling, forms and de- 
polites every moment more and more Salt. Hence then we learn, that the 
fame quantity of Water in the Summer time, takes up more Salt than it does 
in the Winter; in a hotter Climate diſſolves more than it does in a cold; and 
conſequently, moſt of all in the Torrid Zone, and leaſt about the Poles: But 
as putrefaction, cæteris paribus, prevails in proportion to the degree of Heat to 
which Bodies are expoſed, we ſee it is wiſely provided, that in hot Countries 
there ſhould be ſo much more Salt diſſolved than in cold ones, which beſt re- 
fiſts it. Boiling Water, then, will diſſolve as much Salt, as Water can poſſibly 
take up: Water that is in the very next degree to freezing, leaſt of all. But 
even Ice itſelf congealed from Salt-water in every increaſing degree of Cold 
down to O in Fabrenbeib's Thermometer, diſcharges continually more and more 
Salt, ſo as at laſt to retain but an exceeding fmall quantity, in the greateſt ob- 
ſerved natural Cold. All theſe Obſervations, then, make it evident, that in 
the Elements of Water there is a natural diſpoſition, which, when they are acted 
upon by Fire, makes them liable to be fo ſeparated from one another, that the 
Particles of Salt may be diſpoſed in the Interſtices between them: And that on 
the other hand, when the Heat is withdrawn, and they are left to themſelves, 
they then ſpontaneouſly attract one another in ſuch a manner, as to leſſen theſe 
intercepted ſpaces, ſo that the Particles of Salt can remain there no longer, but 
upon the nearer approach of the aqueous Elements are expelled from between 
them. The diſſolving power of Water, therefore, with regard to Salt, depends 
partly upon the Salt and Water, and partly upon the quantity of Fire that is uni- 
ted with them both. And hence, tho' moſt of the Chemiſts, indeed, would have 
it otherwiſe, it is evident, - that it is impoſſible to determine how much Salt 
may be diſſolved in a given quantity of Water, unleſs the degree of Heat is firſt 
accurately adjuſted in which the Solution is performed. And for this reaſon, 
it ſeems certain, farther, that Water, without the aſſiſtance of any Heat at all, 
is not able to diſſolve the very leaſt quantity of Salt, that is, that Salt will 18 
| | e 
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be diluted by the very coldeft Ice. And here, again, it is very remarkable, 


that Salt, by being mixed with raſped Ice ſnould make it thaw, and yet by the 


very fame means ſhould excite ſuch a prodigious degree of Cold: This appears 
every where evident, but moſt of all fo in thoſe Experiments of Fabrenheit's, 
which we related to you, p. 99, which certainly evince, that Salt has a power 
of heating the coldeſt Bodies, and of expelling Cold from them into the neigh. 
bouring Bodies and Spaces; which again, is a wonderful Law of Nature. But 


as I am not treating profeſſedly of this ſubject now, I muſt proceed, tho? I 


have agood many more things that I could add, which, perhaps, I may do here- 
after: What I have offered, will in the mean time afford you matter of ſpecula- 
tion and farther inquiry, Give me leave, however, to propoſe a few more Ex- 
periments which I have made relating to our preſent buſineſs. When the com- 
mon Air was 38 degrees warm, I took of the pureſt drieſt Sea-Salt reduced to a 
fine powder 2 ounces, which ſuffered themſelves to be diſſolv'd in 6 ounces 

drachms of pure diſtill'd Rain- water; fo that here 4 parts of Salt required 13 
parts of Water. One ounce of Sal Gem, prepar'd in the fame manner, required 
3 ounces 2 drachms of the ſame Water, the proportion here being the ſame as 
the former, viz. 4 to 13. One ounce of pure dry powdered Sal-Ammoniac, was 
diſſolved in 3 ounces 2 drachms of the ſame Water. Nine. drachms of pure 


dry Nitre, reduced to Powder, took up 6 ounces of the ſame diſtill'd Water; 


ſo that there were 3 parts of Nitre, to 16 of Water. Half an Ounce of very 
dry Borax, required more than 10 ounces of Water to diſſolve it intirely ; hence 
the proportion, as 1 to 20. One ounce of Alum was diffolved in 14 ounces of 
diſtilld Water. One ounce of Epſom Salt, in 1 ounce 2 drachms: One ounce 
of Salt of Tartar, in 1 ounce and 2. Three ounces of Water, ſhook ſtrong- 
ly, and for a good while, with z an ounce of the Arcanum Duplicatum of the 
Duke of Holſace, diſſolved it perfectly. And Jaſtly, by ſhaking them together 
for ſome time, 3 ounces of Water diſſolved intirely 1 drachm and + of com- 
mon green Vitriol. Hence, then, we infer, that different Salts require a very 
different quantity of Water to diſſolve them: That ſome are diſſolved ſooner 
than others: That thoſe which ſpontaneouſly melt in the Air, diſſolve ſooneſt, 
and in a very ſmall quantity of Water; which too ſeem of a more active na- 
ture: And that theſe, when they are expoſed to the Fire, part with the Water 
in which they are diflolved, with ſo much the more difficulty, ſo that Salt of 
Tartar, and Oil of Vitriol, cannot be freed from their Water without a very 
oreat degree of Heat. To theſe 3 ounces 2 drachms of Water, now, which 
has diſſolved in it 1 ounce of Sea-Salt, nor is capable of taking up any more of 
this Salt, I add + a drachm of Nitre, and this diſſolves in it. Again, with theſe 
6 + ounces of Water, which contain 1 ounce of diſſolved Nitre, and are per- 
fectly ſaturated, I mix + an ounce of Sea-Salt, and it diffolves intirely. Hence, 
therefore, Water, when it is ſaturated with one ſort of Salt, ſo that it cannot 
take up any more of that, is nevertheleſs ſtil] capable of diſſolving ſome more 
of another. Fountain-Salt, Sal Gem, Sea-Salt, Sal-Ammoniac, Nitre, and Bo- 
rax, being reduced to their particular Brine, may be intirely and intimate] 

mix'd with one another. In the Solution, however, of a metallic Vitriol by 
Water, it ought particularly to be taken notice of, that this cannot be perfect- 
ly dried before this Solution, but it will be altered in its Nature : Nay, and 
whilſt it is Gilfolved in this manner, it always lets fall to the bottom a good deal 
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of indiſſoluble Ochre; and hence by repeated Solution and Chryſtallization of 
Vitriol in Water, the whole ſubſtance is at laſt converted into Ochre, and a 
pinguious Liquid, that cannot be eaſily dried. The eaſier, therefore, the ſooner, and 
with the leſs quantity of Water, Salts are diſſolv'd, the more ſtrongly they ſeem 
to retain their Water when they have once received it. But in the Solution of 
Metals, now, by Water, there are ſome Phænomena that are very ſingular, and 
well worth our conſideration. Metals have ſome Salts, by which they may be 
diſſolved; and when they are found diſſolved by theſe into vitriolic Glebes, 
they then ſuffer themſelves to be diluted in Water: And this Solution is always 
ſooneſt effected, and is moſt perfect, when theſe Glebes abound with that Salt, 
which ſuch a particular Metal is principally diſſolved by; for then pure Water 
will ſo perfectly dilute ſuch a Glebe, that the metallic Particles will be moſt 
equably diſtributed through the Water. But on the other hand, when in Vi- 
triols, part of the ſolvent Salt is wanting, then Water poured upon them, will diſ- 


ſolve the Metal ſo much the leſs, ſo much ſlower, and more imperfectly, eſpe- 


cially if you add too great a quantity; for then there is always ſome part of 
the Meral precipitated to the bottom. But when Metals are diſſolved in a good 


quantity of their ſolvent Salts, and then diluted with Water, by a gentle ex- 


halation they are reduced into ſolid vitriolic Glebes called Mageſteries, Salts, 
Vitriols, Sugars, and Chryſtals of Metals. In all theſe now, the Metal, its 
ſolvent, and pure Water, are always combined together in a certain proportion, 


and form pellucid, brittle Maſſes, diſſoluble in Water, fuſible in the Fire, and 
hence convertible into a fine Calx, which loſe their tranſparency, as ſoon as 


ever the Water is drawn from them. By this Art, now, Metals are rendered 

Dotable, without much inconvenience, and with a medicinal effect that ma 
pretty certainly determined, as they are thus rendered diſſoluble in Water. 

For in the firſt place, theſe Bodies will act by the Acid which diſſolves the Metals, 


and than adheres to them. Secondly, by vertue of the metalline Maſs diſſolved by 


this Acid, and now in the Vitriol; for this metall ine part will then act by the 
properties common to all Metals. And thirdly, in which their principal effi- 
cacy conſiſts, theſe Vitriols will act by that ſingular vertue which is proper and 
peculiar co every particular Metal, and which is generally inimitable by any 
other. But fourthly, theſe Bodies likewiſe acquire a farther power, ariſing from 
the union of theſe three together, . thus all united by the mediation of Water, 
in particular, into one Maſs, which now acts by their whole joint efficacy. Of 
this kind now, thus produced by Water, are Vitriols of Gold, Mercury, Lead, 
Silver, Copper, Iron, and Tin, | 

This rule, however, muſt not be extended to all Semi-metals, as if Semi- 
metalline Particles, reduced by their ſolvent Acids into Maſſes appearing ſaline, 
might be afterwards diluted, and diſſolved in Water like Salts, and true Metals, 
The pureſt metalline part of Regulus of Antimony, for inſtance, is perfectly 
diſſolved in the ſtrong Spirit of Sea-Salt that adheres to the corroſive ſublimate 
of Mercury, in the diſtillation of Butter of Antimony; for what elſe is this 
Butter of Antimony, but a true vitriolic Salt of Regulus of Antimony, made 
by a combination of it with Spirit of Sea-Salt? Hence, therefore, from our 
Hiſtory of metalline Salts, a Perſon would be apt to imagine, that this Butter, 
likewiſe, might be diſſolved in Water; but how much would he be diſappoint- 
cd, when he came to make the Experiment? For as ſoon as ever the Water 


3 comes 


337 


Water don't 
diſſolve all 
metallic 


* 
1 

115 

* 

4 4 
8 

54 

59 

1 
1 
* 

K* 
* 
14 
1 
1 
1 

- = 
' 1 1 
} 
T0 
x 

—_ 

EYES 
KK. 
ES 
wr 
N [$4 
U 7 

i 

1 
+ i, 
* 
1 2 
Wy 
. N 
0 
5 
8 wk 
f 
R % 
. 
* 7 
7 
vw + 
* 
1 

! 

by 
4 4 

1 1 
1 5 
0 . 
Hy 
4 T 
= A 
A 
* WW 
* 
>" 
» 4, *. 
* 

WP» 
„ - 75 
| » 11246 

5 1 0 
, e 
1 
— — 
8 
+ 
ty. 
Py 
4 7 
RES. 
_ 

EY 

+11 
. By 

"he 
ned: IP 
\ 79 
1 * x) 1 
' = 
e 4 (4 
18 K 
12 
2 
4 * 
Fo 
* d 
1 
3 
. $ 
. 
1 
” oy * 
1 
4 
WIE 
„18 

1 

a 

"IR 

n gy 
LEA 
© 
1 
0 
os 
9 
15 WP 
e 
. pF 7 
q. 
Kh 5s 
wy 
* 
15 
: 
WY 7 
1 
\ * 
Weg 
: 2 
Of + 13 
48 
„ 
ö IX 
; E 
i 
F. * 

N 
1 
i 
1 7 
17 9 
13 K E 
. FA 
I 

i" 
1 I 
? 1 
. 1 
i 
+ Þ: 4" „ 

2 

4. 
4 - 

„ -4 

Gay 

. 
4 > 
* gw 

2 
v - "Wo 

1 
"FR 

i 8 
+. 
* "I 

«& 
bY 4 

! * 
"©" 

15 
1 

' . 

N 0 

"Ib 
R 
* {4 VWs 

449 
1 48 
N N 
* 
N 
re 
:}, _ 
74 
1 or — 

i 7 
1 

bad, wy 

41. 
* 

5 

3 

We 

"1 

n "3 
7 p 
1 
1 

; 5 I * 

4 48 

7 f 

2 
17 f. > 

: 8 * 
1 5 
AY * 

FRY 
fl I 17 
} 4 45 % 
Inn 
0 * 

. 

5 

(1 


» 
% 
* 
3 
®' 
a; 
I 
* 1 
8 
. 
* 
* 
1 
es” 
—_ 
Y 
. 
"# " 
\ E 
1 
1. 
_ 
__ 
2 
- x8 
- 8 
* 
NR 
x 1 
, 19 
© 
4 | 
by T 
45 
2 
3 
* 
48 
* A 
I = 
Dl. 
—_ 
„ 
2 
* 
* 
o 
Re - 
. 
E 
1 
*7 = 
1 * 
— 
3 
E 
„ 
* 
8 
jg . 
8 
d ö 4 
"38 4 
= 
1 
. 1 
779 
1 
14 
3 bi 
"3 
. 
4 ;# 
, . 
3 
1 ” 
- 
. 
x 7 
"538 
5 3 
3 
qd 
x p 
* 1 L 
775 
: 
29 
bl þ 
4 
. 
OF 
: 6 
Þ 
=. 
HY q 
ma. 
SY 
"4/385 
"Wb 
= 
ST 
n 
we”. 
oof 
- 384 
A 
-.Y» 
: 
. 
13 
* 
48 
is 
. 
—— 
% 
. 
1 
1 
be 


TE” = 2 . — — 
S FI ng = KS 
OY es Os 
= — Ab 3 
3 
— I 


n 
— ' 


— 0 
i 


338 Elements of O nnMisTRY, Part II. 


comes to this icy Glebe, the ſolvent Acid immediately lets go the diſſolved 

Regulus, mixes itſelf with the Water, and gives you again intirely the ſemi-me- 

talline corroded Caly that lay conceal'd in the Butter. This rule, therefore, 
muſt not be carried beyond its proper limits. de | 

Water dil. Water diſſolves Alcohol, not ſpontaneouſly, but if they are ſhaken together; 

hol for if Water is gently poured upon Alcohol, it paſſes through it, and falls to 

the bottom, whilſt the Alcohol ſwims at top. Nay, it will not readily ſo diſ- 

ſolve Alcohol, but that after you have ſhaken them, the Alcohol will {till in 

ſome meaſure cohere together, and float about in the Water in pinguious ſtriæ: 

If the concuſſion, however, is continued for a good while, it will at laſt be 

perfectly diluted, and equably diſtributed through the whole Water. This te- 

nacity, now, of the parts of the pureſt Alcohol, appears no where more ele- 

gantly than in an Experiment I formerly ſhewed you, p. 258, when I took a 

chemical Vial full of Water, and inverting it, immerged the mouth into Al- 

cahol, for then you ſaw the Alcohol aſcend through the Water without mixing 

with it, riſe into the Belly of the Glaſs, and collect itſelf together at top. 

Since, therefore, pure Alcohol is a vegetable Oil reduced by the efficacy of a 

prope: fermentation into theſe Spirits, which burn, and are miſcible with 
Water; 


| Therefore Hence we learn, that even Oils themſelves, after they have firſt been chang' d 


fermented jn this manner, may be intirely mixed with Water, let them be ever ſo pure, 
Oils : : Age 
_ tho? ſooner, indeed, and more eaſily, if they are diluted in ſome quantity o 
it already; for common Spirit of Wine mixes more readily with Water, than 

the pureſt Alcohol. : 
Water ans In the mean time, however, it is particularly remarkable, that Water, when 


Sale done... It is perfectly ſaturated with Salt, will by no means mix with Alcohol; nay, if 


cchol. you ſhake them together ever ſo ſtrongly, and for ever ſo long a time, you 


will never reduce them to one uniform Fluid, but will find on the contrary, 
that they repell one another much more powerfully than any other two known 
Liquors in Nature, In this Veſſel here, I have ſome Oil of Tartar per deligni- 
um, in this other ſome Alcohol, both of them pure tranſparent Liquors: Theſe, 
now, I mix together, and you ſee they continue perfectly diſtinct, the Oil of 
Tartar ſubſiding to the bottom, whilſt all the Alcohol ſwims at top. But P11 
ſhake theſe now with all the force I am able, and what is the conſequence? 
Why the Oil again collects itſelf together, and the Alcohol riſes united above 
it, nor ſo much as the leaſt drop of either of them remains mixed with the 
other. Nay, farther, I put theſe two Liquors into a tall Bolthead, and made 
them boil, in order to try whether by this means I could not make them mix 
together, but I found it was to no purpoſe, for both of them continued per- 
fectly ſeparate from the beginning to the end, even in the act of ebullition, 
but the Alcohoi being raiſed by the ſtrength of the Fire, was ſeparated from 
the Water, which remained at the bottom with its Salt. tt | 


Water fore» But there is ſtill ſomething farther very extraordinary in this affair, and that 


times at= is, that if Water is thoroughly ſaturated with a Salt that may be very eafily 
bag g. ſeparated from it, then if you mix the pureſt Alcohol with this Lixivium, the 
roſttes Salt, Alcohol will unite with the Water, and the Salt will be expelled and precipita- 
| ted to the bottom in form of a diſſolved Salt. In this Glaſs J have the ſtrong- 

eſt Lixivium that can be made with Zp/om Salt and Water, which you ſee is 


quite 
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quite clear, nor has the leaſt ſign of any Salt in it. Into this, now, I pour "nn 
ſome Alcohol; and it ſwims at top: But I ſhake them as you ſee together, and N 
now the Liquor grows turbid, opake, and whitiſh, and lets fall ſome little 
Chryſtals of Salt, by this means ſeparated from its diſſolvent Water, which is 185 
now united with the Alcohol. And in the Offa Helmontiana, where there is as | 5 
much volatile alcaline Salt of Sal- Ammoniac, diſſolved in Water, as it can poſſibly 
take up, and then an equal quantity of the pureſt cold Alcohol is poured upon 
it, the Liquors being ſhaken together, inſtantly coaleſce into a white ſolid 
Glebe, from which in a little time there is ſeparated ſome Water attracted into 
the Alcohol. Tt | 
But another thing to be obſerved in this diſſolving power of Water is this, Water air- 
that if it is mixed with Alcohol, that has a diſtilled Oil diſſolved in it, then pp 
the Oil will be ſeparated from the Alcohol. This you'll ſee, if you'll pleaſe to of oils, Re- 
attend to the following Experiment. I have here ſome exceeding pure Alco- — 
hol, in which I have diſſolved ſome choice Oil of Cinnamon, and you perceive 
how equably clear it is, without the leaſt ſign of any Oil ſwimming in it, or 
falling to the bottom. Into this mixture, I now gently drop ſome Water; and 
don't you obſerve how the Liquor immediately grows white, and from a 
tranſparent one, becomes opake? But you obſerve farther too, that the Oil, 
which before was ſo perfectly diluted, as to become imperceptible, diſcovers it- Fn 
ſelf now, and collects itſelf together, Hence, then, it appears evident, that 
Water, being mixed with Alcohol, renders it unfit for the Solution of theſe 
Oils: That Alcohol unites more eaſily, and in a more kindly manner with Water 
than with theſe : And that theſe Oils, when they are diluted with Alcohol, do 
nevertheleſs continue real Oils, tho? they do not, during that time, appear in 
form of Oil, but of Spirits. Reſins too, may be diſſolved in Alcohol, ſo as not 
in the leaſt to appear; but if you mix Water with this Liquor, it inſtantly be- 
comes very white, diſcovers again the latent Reſin in the Alcohol, and yields 
you the very ſame quantity of Reſin that was diffolved : This is true in every 
kind of Reſin whatſoever. Theſe reſinous Subſtances, therefore, may be diſ- 
ſolved in Alcohol, may be recovered from it again by the help of Water, 
may be diſſolved again, and precipitated as before, and this may be repeated as 
long as you pleaſe. This I learned by a great number of repetitions of theſe 
Operations in Reſin of Scammony. But let us take Camphire a little into 
conſideration : What kind of Body do you look upon this to be? You'll be apt to 
2nſwer, a Reſin. Shew me then any other Reſin in the World, that may be 
ſublimed dry, without any refduum, or any alteration in its parts: In this par- 
ticular, therefore, it is different from all Reſins: This, however, may be per- 
fectly diſſolved in Alcohol, and upon the affuſion of Water, exactly like other 
Reſins, will be recovered into true ſolid Camphire, intirely the ſame as it was 
before. Upon the whole, then, it appears, that Water attracts Salt of Tartar 
more powerfully than it does Alcohol: Whilſt on the other hand, it attracts 
Alcohol more ſtrongly than that does Oils, Reſins, and Camphire. 
But Water, again, diſſolves every compoſition that is properly called a Soap, H dees 1 
or a ſaponaceous Body, and that, whether it is artificial, or natural: Nor does Spc's, and 8:18 
it at all ſignify, whether it is fixed or volatile. For every Sapo is compounded Subs 


Subſtances, 


of an Oil and an alcaline Salt, ſo united together, that they may be diluted in #4 by this 


its Power ig 


Water in ſuch a manner, that there ſhan't be the leaſt appearance, either of crates, 
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Water diſ- 
Llves Air. 


And earthy 
Bodies, firſt 


prepared. 
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the Oil or the Salt, but the whole mixture ſhall appear homogeneous, The 
particular property now of ſuch a Subſtance is this, that if it is intimately 
mixed with Oils, oily Subſtances, Reſins, reſinous Subſtances, Gums, and gum- 
my Subſtances, Gum-Reſins, or any other tenacious Bodies formed from theſe, 
it will render them miſcible, and diſſoluble in Water, ſo that they may by this 
means be wathed off from the Bodies to which they adhere. Water, therefore, 
not only diſſolves true Soaps, but by being aſſiſted by them, acquires a power 
of diſſolving thoſe Bodies, which otherwiſe would have been beyond its effica- 
cy: The diſſolving Power, therefore, of Water, by the help of Soap is vaſtly 
2 ” „ 

One would ſcarcely have believed, however, that Water had a power of diſ- 
ſolving Air, unleſs this had been abſolutely demonſtrated before in our Hiſtory 
of Air. See p. 299, 300. But this in the mean time is effected only in a particular 
manner, and to a certain degree, but no farther; and indeed, with this eir- 
cumſtance, that the Air, whilſt it continues thus diſſolved, no longer retains 
that elaſtic quality which is proper to it. See the places juſt cited. In this 
reſpe&, therefore, Water diſſolves Air, as it does Salts, that is to ſay, in ſuch 
a manner, that the ſmall Particles of Air diſpoſe themſelves between the inter- 
ſtices left between the Elements of Water, as thoſe of the Salts do; and when- 
ever all this Air is perfectly ſeparated from its diſſolvent Water, by Froſt, the 
removing the preſſure of the Atmoſphere, Fire, the Sun, or the Mixture of 
certain Bodies together, there is then immediately juſt ſo much Air imbibed by 
the Water as was diſengaged from it. os + QULYIS 258 
In the laſt place, Water is capable of diſſolving many earthy Bodies, when 
they are firſt prepared; tho* whilſt they were alpne, they could never be dilu- 


ted, and diſſolved by it. Oyſter-ſhells, the Claws, and other ſhelly parts of 


Lobſters, and Cray-fiſh, the Shells of Snails, and River and Sea-fiſh, Stones, 


the Calculi, and ſtoney concretions in Animals, their Horns, Hoofs, Bones, and 


Other Bo- 
dies it can- 
not diſſolye. 


the like, when they are firſt perfectly corroded by their proper ſolvent Acids, 


may be afterwards intirely diſſolved in Water: Nay, and Chalk, Corals, 
Pearls, Mother of Pearl, calcined Stones and Flints too, have long been inſtan- 


ces of the ſame thing. TT, 
_ Having thus then given an account of the Bodies that Water is capable of 


diſſolving, it may be properly enough inquired, which then are thoſe that are 


capable of ſtanding out againſt this diſſolving power? Why, to this queſtion 
we ſhall then only be able ro anſwer, when we are certain that we are maſters 
of ſome Water that is abſolutely pure, without the leaſt Mixture of Salt ; for 
Bodies are very often diſſolved by the vertue of latent Salts, and the effect is 


falſly aſcribed to the Water itſelf ; whereas, was this Water quite pure, we 


might then be able to judge, whether this vertue belonged to the Water alone. 
In Metals, in particular, the thing is exceeding difficult, inaſmuch as Iron, when 


wetted with the pureſt Rain- water, is converted into a Ruſt, and Copper into a 


Mould. The famous Joel Langeloite, indeed, has in his Writings aſſerted, 
that Gold may be diſſolved by attrition alone: And the ingenious Homberg af- 
firms, that ſimple Water, by being rubbed for a long time with Metals, nay, 
even Gold itſelf, is capable of perfectly diſſolving their Subſtance into a pota- 
ble, medicinal form, Theſe Experiments I have read and examined; but as 
theſe have been made in the Elaboratories of Chemiſts, where the Air is impreg- 


nated 


— 
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nated with all kinds of volatile Salts, I have always doubted; whether theſe So- 
jutions ſhould not properly be attributed to theſe Salts ; eſpecially, conſidering 
that the rubbing in theſe caſes was continued for the ſpace of whole months, 
in which time, tho' but a very ſmall quantity of Salt was applied at once, yer 
the aggregate of all together, muſt be pretty conſiderable. The moſt ancient, 
indeed, of the Alchemiſts, were of opinion, that all things are produced from 
Water, and at laſt are reſolved into it; and tell us, that Bodies muſt be al- 
ways reſolved by principles conſentaneous to their origin; and hence have ac- 
knowledged Water to be the univerſal Menſtruum : But they have never let us 
into the method of practice that would confirm their Doctrine. Pure Earth, 
however, perfectly free from every kind of Salt and Sulphur, Water will not 
diſſolve; nor will it attenuate and dilute Glaſs, Gems, Chryſtals, or Stones 
that are perfectly ſimple. Hence a great many Bodies of this kind, or com- 
pounded of theſe, it leaves intirely untouched. Hence, therefore, we infer, 
that Water is not a univerſal Solvent, but that it is limited to thoſe Bodies which 
we have enumerated, _ its 
Having thus, then, carefully examined the properties of Water, we eaſily Water infi- 
perceive, that it will readily inſinuate itſelf into the inviſible, nay, the ſmalleſt N nga 
Pores of a great number of compound Bodies. For as it is very heavy, and Pores of Bo- 
conſiſts of Particles that are exceeding ſubtil, its very great lubricity, and its“ - 
eaſy ſeparabilicy into its Elements, will diſpoſe them to penetrate with the 
greateſt eaſe into the ſmalleſt interſtices. But the very efficacious power that it 
has of diſſolving ſuch a vaſt number of Subſtances, very frequently effects too 
the reſolution of the matter that ſtops up the Pores of Bodies, and by this 
means, likewiſe, 'it procures itſelf a paſſage into them; eſpecially, as its ulti- 
mate Elements are exceeding firm and immutable, and hence have a true me- 
chanical vertue, as well as that ſingular one, which depends upon their contrac- 
tility. - : 
+ When, therefore, by this power it has inſinuated itſelf into the minute Pores A: 
of Bodies, and perfectly penetrated through their whole Subſtance, it is no v. 
wonder that by this addition of new matter, it ſhould increaſe their weights. 
And this augmentation in many of them, which have a pretty great attractive 
power, with regard to Water, is very conſiderable z as in almoſt all 
Salts, the fixed alcaline ones in particular; moſt Soaps we are acquainted with 
even pure fermented Spirits; and many Solids, Hence thoſe Perſons who ſell 
by weight, find a conſiderable advantage in diſpoſing of ſuch kind of Goods in 
damp cold Weather, when they buy them in hot and dry. And by this means 
the Chemiſts have been ſometimes deceived, who taking notice of theſe incre- 
ments, and decrements of the weights of Bodies, have frequently aſcribed 
them to fictitious cauſes, when in reality, they depended only upon this addition 
af Water! 
But as it thus increaſes the weight of Bodies, ſo likewiſe it does frequently Aud bulk: 
their Bulk. Hence, therefore, we perceive, that it does not only take poſſei- 
ſion of their vacuities, but that it exerts likewiſe a power by which it ſeparates 
the ſolid Elements from one another, This appears to be true by numberleſs 
Experiments, but never more evidently than in one made and propoſed by the 
Academy Del Cimento. Experiment 184. which becauſe the Book is ſcarce, you'!l 
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A Cone AB was made of ſolid Steel, and formed as exactly as poſible, and 
its altitude divided into ſome equal parts. There was then another Cone C 
made of a piece of Wood cut longitudinally out of a Tree, which was hollowed 
in ſuch a manner, that its internal conical Surface was fitted exactly to the Con- 
vex Steel Cone AB, when the wooden Cone CD was dry. This wooden hol- 
low Cone was then made thoroughly wet, and upon this it was ſwelled fo much 
inwards, that it would no longer admit the Cone AB into its Cavity, which it 
eaſily received before: But at the ſame time too the Cone CB, which when it 
was dry, went into another hollow Cone, was fo ſwelled outwards, that it 
could not now be thruſt into it. Thus then it appeared to ocular demonſtra- 
tion, that the ſubſtance of the Wood was expanded by the Water in all its di- 
menſions. Hence, therefore, there are often produced very extraordinary and 
ſurprizing effects, by Water's inſinuating itſelf into dry Bodies, which by this 


means become. bigger, and by expanding themſelves, are the cauſes of incredi- 


ble alterations. | 


After Water now is thus intimately mixed with Bodies, that are of a vaſt! 
different nature from its own, it is then in a wonderful manner capable of bein 
concreted with them into a Maſs, in which one ſhould ſecretly ſuſpect there 
was any Water. This we ſee evidently to be the caſe, for inſtance, in com- 
mon Sea-Salt, by the following method. Take three pound of this Salt, and 
cautiouſly decrepitate it with a gentle Fire, till it don't crackle any longer, 
Then put this decrepitated Salt into a clean earthen Veſſel, and ſetting it upon 
a ſtrong Fire, make it juſt ready to melt, and in this ſtate reduce 1t to a Pow- 
der, mix with it three times its weight of Bole, and with a great degree of 
Heat, draw off an acid Spirit of Sea-Salt z of which you will have ſome oun- 
ces. Separate this Spirit, then, according to Homberg's method, into an Acid 
concentrated into a Chalk, and a Water; and by this means you will procure 


a true elementary Water, drawn from Salt, which having paſs'd a calcinin 


Fire, one would have ſuppoſed had parted with all its Water. But the Water 
which is very ſurprizing, is here ſo concreted with theſe faline Elements, 
that the diſſolution of them is almoſt inſuperable, nor to be effected without 
this extreme torture of the Fire. And the ſame is likewiſe true in Sal- Gem, 
Fountain-Salt, and Nitre: Not to mention Alum and Vitriol, which too, if they 
are firſt calcined with a gentle Fire, and then reduced to a very dry Powder, 
will, if they are urged with a ſtrong Fire, yield an exceeding acid Spirit, which 
may be afterwards ſeparated into an Acid, and a good deal of Water. 

With regard to the drieſt Sulphur, too, I have often been in doubt, whether 
that likewiſe in its ſubſtance don't contain a large quantity of Water. Whilſt it 
burns, certainly, it affords a Flame and an acid Spirit; but this Spirit, which 
is always in a fluid form, may by Art be ſeparated into a pure Water, and an 
Acid equal to the moſt condenſated Oil of Vitriol. That Acid, therefore, 
which united with the Vegetable Oil compoſed the Sulphur, at that very time 
contained Water in it, and conſequently Sulphur, which is an exceeding dry 
Body, and perfectly combuſtible, is partly made up of Water, as a conſtitu- 
ent Element, I am well appriz'd, indeed, that it may be imagined, and not 
without reaſon, that the Water which lies concealed in Oil of Sulphur per Cam- 
Panam, and is procurable from it, may poſlibly ariſe from the Air, whilſt the 
Sulphur is burning; for the moiſter, and more cloudy the Weather is, when 


this 
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this Oil is made, the more there is always of it. But ſuppoſing, that this is 
true, yet Oib of Vitriol, and Sulphur, have always Water in them, whenever 
they exiſt; and hence, as Oil of Vitriol enters into the compoſition of Sulphur, 
Water muſt do ſo too. For this reaſon, therefore, we conclude, that Water 
is in reality a conſtituent part of all Sulphurs and Salts, and there lies concealed, 
tho*.it may be extracted thence by Fire. . ” 
But it appears much more incredible, that ſoft fluid Water ſhould enter into 1 
the compolition of the hardeſt drieſt Bodies, and then adhere to them ſo ten 
ciouſly, as not to diſcover the leaſt ſign of its being there, nor to be ſeparated 
from them without the extreme force of Fire. Nay, and even then, we are not 
abſolutely ſure that all their Water is ex pelled out of them, For the ſeparate 
Elements of Water, which are exceeding ſolid, no ways compreſſible, immuta- 
ble, and conſiderably heavy, when they are once very firmly united with Bodies, 
become at length concreted with them in ſuch a manner, as ſcarcely to be ſe- 
parable from them afterwards by any Art, or violence. This ſingular proper- 
ty of Water, indeed, we have curſorily conſidered already in the beginning 
of this Chapter, whilſt we were mentioning the univerſal concurrence of 
Water in almoſt all the works of Nature. We ſhall now, therefore, by unde- 
niable inſtances make it appear, that the hardeſt, and heavieſt Bodies, owe the 
coheſion of their parts, in particular, to Water alone, which like a kind of ſtrong - 
Gluten, conſolidates them with ſo indiſſoluble a union, and binds the Elements 
with ſo firm a concretion, that no glutinous matter whatever is capable of do- 
ing it more efficaciouſly. And the Water itſelf being here concreted with theſe, 
and connecting them with one another, forms together with them one and the 
ſame ſimple cohering Body, appearing to us to be perfectly ſimple. This pro- 
perty of Water, now, ſhould, I think, be particularly taken notice of by the 
Chemiſts, who upon Examination would find, that this conglutinating power 
of Water ought not to be leſs regarded than its diſſolving one: And yet this 
laſt is very frequently taken under conſideration, and diſcourſed of, the for- 
mer very rarely: In the firſt place, then, let us examine Gypſum : This is a 
very ſoft fine Calx of burnt Alabaſter, that may be blown away-with a breath ; 
and yet if you mix with this a proper quantity of Water, it becomes a ductile 
Paſte, which preſently acquires a ſtoney hardneſs, nor parts with its Water 
again without a great deal of difficulty. But conſider, again, the fat Potter's 
Clay which we inſtanced in formerly: This, when it is perfectly dried, affords 
a Subſtance, that may be reduced to an impalpable Powder, that flies about 
upon the leaſt breath of Wind; nor if it is kept dry, or burnt only with a 
moderate Fire, will ever become concreted together ; but yet, if you work 
this with a proper quantity of Water, it will become a pliable Paſte, which 
dried by a gentle Heat, and then burnt in a proper Kiln, yields us Veſſels 
that vie with Stones in hardneſs, and are capable of holding Water. Lime- 
ſtones, or the boney Teguments of Fiſh, burnt toa Calx, produce a looſe Po- - 
der, that by its volatility is troubleſome to the Lungs, nor ever ſpontaneouſly 
grows hard; and yet work it well with a due portion of Water, you will have 
a Paſte, which expoſed to the Fire, burns into a Stone, If you mix Sand and 
Lime together, will theſe conſolidate? Never. Add Water to them, and you 
have a Mortar, which will ſo faſten and cement Bricks together, that the uni- 
on will continue for ages undiſſolved. And as for the Glues with which we 
| 5 | Join 
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=_ join Bodies together, made of Starch, Flower, and the glut 
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inous Subſtances of 
Animals and Fiſh, theſe all are rendered fit for the purpoſe by the mediation of 
Water. If all theſe things, then, ate properly conſidered, the opinion of theſe 
Chemiſts don't ſeem fo abſurd,” who aſſert that Water is concreted with the 
— very hardeſt Bodies. Who will venture to deny, that Water helps to pro- 
duce the ſolid natural Bodies, who evidently perceives this to be the caſe in 
artificial ones? Or who will be obſtinate enough to exclude Water from com- 
pound Bodies, who ſees this neceſſary to the formation of ſome of the moſt 


firm ones? | 8 
6 And e, But laſtly, let us take a view of the drieſt, hardeſt, and thoſe that appear 
70 partsof Ani- the moſt ſolid parts of Animals: I mean their Hair, Hoofs, Horns, Teeth, 


Bones, Ivory, and the Spines of Fiſh; ſhan't you be ſurprized, now, if I aſſert, 
i that the terreſtrial Elements of theſe ſeveral parts coaleſce into a proper 
1 hardneſs, by means of the conglutination of Water? But this is certainly the 
1 caſe: For if any of theſe, after they have been laid by for years, and are be- 
il come drier than a Pumice-Stone, are put into a glaſs Retort, and by a 
5 ſtrong Fire ſeparated into a volatile part, and a fixed one, the volatile part 
= will be found far to exceed the other. And this volatile part, now, will be 
almoſt all liquid, except the Salt; and this liquid part will be reſolvable into an 


W . Oil, Salt, and large proportion of Water. Hence therefore it appears, that 
1 Water is moſt intimately united with theſe hardeſt parts, and ſerves to conſo- 
—_ lidate them together ; for when by the extreme force of the Fire the Water is all 


expelled, there remains nothing but looſe Aſhes, or brittle Fragments, that co- 
here fo ſlightly, that they are very eaſily reduceable to Powder. If theſe Frag- 
ments now, which are always black, are afterwards expoſed to an open Fire, they 
become white, and moulder away, and upon rubbing fall into Aſhes. But 
3J if you calcine a Bone, till it is perfectly white, with heat quite through, 
| ES and keep it whole, though exceeding brittle, and cohering very weakly, then, 
If if you throw it into Water, you will hear the Water ruſh into it with a hiſſing 
noiſe, as if violently attracted into the dry Bone, and it will again reſtore it 
to its former weight and hardneſs, the coheſion being by this means reco- 
vered. Hence, therefore, we infer, that though Water does not ſupply the ul- 
timate matter of which the ſolid parts of Animals conſiſt, yet, as it performs 
the Office of a Gluten to unite the contiguous Particles together, it ſo long 


makes a part of the concrete, increaſes the bulk, and keeps the parts connected 
iy | together with a proper union. | | 
= Na in Oile, But as for Oils, now, what perſon living could ever have imagined, that 
PR j theſe are not only not free from Water, but that they are in a great meaſure made 
= - up of it? And yet the famous Homberg has proved by very exact Experiments, 
that diſtilled Oils may, by a chemical Analyſis, be in a great meaſure reſolved 
into the pureſt Water. Hiſt. de P Ac. roy. des Sc. 1703. p. 37. Du Hamel. Hiſt, 
de l Ac. roy. p. 372. Here, then, we fee, that in a matter particularly inflamma- 
: ble, and looked upon as a true Pabulum of Fire, the greateſt part of the 
compolition 1n reality 1s Water, 
And Alco. Nays and Yan Helmont aſſures us, that the pureſt, ſimpleſt Alcohol itſelf is, 
ob by the attraction of Salt of Tartar, half converted into elementary Water. 
In burning it, certainly, there is a great deal of latent Water diſcovers itſelf, 
as WE took notice before in our Hiſtory of inflammable Matter p. 189. and 


following, 
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day ef te ART. 345 
following: Whoever, then, is thoroughly apprized of theſe things, will make 
no doubt of the extenſive ' diſtribution of Water, through vaſt numbers of 
Species of Bodies, and its moſt firm concretion with them. e 

But here again we muſt take care and keep within bounds, if we would not err Water how- 
from the truth: For what has been above delivered with ſome other conſiderations — 
has given riſe to an opinion among the Chemiſts, that Water alone is the Mat- ry thing. 
ter from which are produced all ſenſible Bodies. For ſome of the principal of 
them have laid it down in their writings, that Water being firſt rendered exceed- 
ing pure by a long continued Froſt, and then never thawing again, but by an 
increa ſing Cold being condenſed, and rendered heavier, would at length be con- 

verted into true mountain chryſtal. And this they boldly aſſert to be confirmed 
by obſervation in the icy Mountains of Helvetia, which look northward, where 
the Ice never thawing for ages, is ſaid to be thus transformed. Upon which 
head you may conſult Paracelſus, and the Academy del Cimento. In the mean 
time, however, this is certain, that Water 40 degrees colder than the greateſt 
obſerved natural Cold, thaw'd again immediately. Nor can the conſtriction 
effected by Cold ever ſo far condenſe Ice, as to make it come up in weight to 
Chryſtal, much leſs to the ſolidity of a Diamond. It is not at all probable, 
therefore, that Gems are ever produced from frozen, condenſated Water, but 
that theſe ſpring from their proper Seeds, as well as all other Bodies. The 
great Verulam ſays, indeed, that no nutrition is carried on without Water, 
p. 656, and that nothing grows without it: But this is true particularly of 
Animals and Vegetables. In Metals the caſe appears to be intirely otherwiſe, 
unleſs by Water you will underſtand Mercury; for the Adepts uſed to call Mer- 
cury the Water of Metals, nay and ſimply, Water, or their Sea, But who can 
ever believe, that Water can ever be rendered 14 times heavier than it is, in 
order to be converted into Mercury ? Nay, and in Animals and Vegetables too, 
though its certainly true, indeed, that Water contributes vaſtly to the Matter 
of their Nouriſhment, and the intimate connexion of their conſtituent Ele- 
ments, ſo that hence they partly conſiſt of true transformed Water ; yet it ne- 
ver has appeared, by any certain Experiments, that Water is capable of produc- 
10g all the parts of theſe Bodies. I am well apprized of the Experiment of 
Van Helmont on the Willow ſupported by Water alone, which he ſo carefully 
deſcribes, p. 88. 32; and the illuſtrious Boyle's account of the Gourd, and 
other Vegetables, ſprung from Water alone, and increaſed to a very conſiderable 
weight. Orig. Forms. p. 165. Whence theſe great Men have been led to think 
It evident that the moſt ſimple elementary Water, being applied to the living 
Seeds of theſe Bodies, is, by their ſeminal power, tranſmuted into all the Ele- 
ments both of Animals and Vegetables; ſo that hence their whole Subſtance has 
its riſe from mere ſimple Water. But this doctrine Van Helmont advances and 
urges, becauſe all Animals and Vegetables, when they are diſſolved and coho- 
bated with the Liquor Alcaheſt, are always changed at laſt into a mere ſimple 
Water, equal in weight to their former Body. As for this Alcabeſt, however, of 
Van Helmont, I confeſs I know nothing of the matter, nor have I heard of any 
perſon who ſince him has pretended to be Maſter of this wonderful Liquor, and 
to have performed the ſame Experiments. But be this as it will, by a more accu- 
rate inquiry into Nature, it is ſince evident, that Water, indeed, is the princi- 


pal Vehicle to convey the Matter of Nouriſhment to the. Bodies both of Ap 
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346 Elements of CusMigTRY, Part II. 
mals and Vegetables, the Water at the ſame time not being the Matter itſelf, 
| but being filled with various heterogeneous Particles that are: For the pureſt 
1 Rain-water always abounds with a great number of Corpuſcles, very much re- 
1 nature of Vegetables: And the more any Water contains of a rich 


| atter, the more weight it will give the ſame vegetable growing in 
it for the ſame time. But the greateſt part of the Water that enters into plants 


1 | ſoon exhales out of them again, which perhaps would not have been carried up 
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into the Air, if it had not been received into them; and farther, the pinguious 
Matter that is mixed with the Water, is found to be conſumed, whilſt the Ve- 
getation of the Plant is thus carried on in Water, Upon this head ſee the cu- 
rious Experiments of the famous Dr. Woodward, Phil. Tranſ. No. 253. p. 193. 
which were afterwards repeated in the Royal Academy of Sciences at Paris. We 
cannot, however, deny, but that Water is ſometimes intimately united with the 
ſolid. parts of Bodies, ſo far as it becomes concreted with them into the ſame 
Maſs; ſo that in reality it not only performs the office of a Vehicle, but like- 
wiſe concurs in the compoſition of ſome parts both of Vegetables and Animals. 
And hence the ancient Chemiſts aſſerted, that Water is the univerſal Wine 
which all Plants, Animals, and Foſſils drink. In this ſenſe therefore we may 
venture to ſay, that Water is the Matter from whence all things ariſe, and from 
which, by the incubation of a pregnant Spirit, they are all produced, 
Arepulire But there are ſome Bodies which refuſe any conjunction with Water, and if 
force Water it is brought in contact with them, repel it, but yet without any motion in 
and ſome Li- their proper Subſtance. Oils, for inſtance, ſo ſtrongly reſiſt any union with 
yo Water, that if you forcibly mix them together, they will diſengage them-_ 
ſelves again, collect themſelves into orbicular or ſpheroidal Bodies, and repel 
the Water from their Maſs thus united under the ſmalleft poſſible Surface. 
Balſams, Colophonies, and Reſins melted with a gentle Heat, have likewiſe the 
fame property, In theſe, as I remember at preſent, there is only this difference, 
that the more ſubtil Oils grow, the leſs they are averſe to this union, the thicker 
they are, the more: And hence, when they come to be rendered exceeding thin, 
they at Jaſt become eaſily miſcible with Water, and then will remain mixed 
with it for a long time, and that, though the Oils are exceeding pure. This, 
however, muſt be underſtood of Water that does not ſpontaneouſly lie concealed 
in Oils; for concerning this Water we have treated already. 


And Solid» But ſome ſolid Bodies, likewiſe, repel Water, thoſe eſpecially that are exceeding 


ſolid, or have a very ſmooth ſhining Surface. Thus we obſerve this property 


in the Furr of Beatts, the Feathers of Birds, Webbs of Spiders, and Bags, and 
Silk of Caterpillers, and Silk-worms ; particularly if the Animals are 1n health. 
I confeſs, indeed, in all theſe there is an unctuous matter diſpoſed all over 
their Surface, that has ſomething of the nature of an Oil, and on this account 
repels the Water, for which reaſon, when they are boiled with a ſharp Lye, 
and this is ſcour'd off, they repel it leſs than they did before: But till it is ob- 
ſerved, that a very ſmooth ſurface will have the ſame effect. Examine plates 
of Metal, for inſtance, when they are perfectly poliſhed, and you will find, that 
Water will not only not adhere to them, but that it will fly from them, where- 
as they would eaſily retain it if they were rough. Dry Ivory and Stones im- 
bibe Water with their rough Surface, but when they are very nicely poliſh'd, 


they repel it. This, you'll ſay, perhaps, is owing to the Pores being ſtopped 


| Theory of the ART. = - 
up by the Poliſh, nor do I deny, bur this may help, but even to the very ex- 
ternal Surface it won't adhere, now it is poliſhed, to which it would when it 
was ſcabrous. Is this, therefore, the reaſon that the Bodies of Fiſh, which are 
ſo ſoft, and diſſolve ſo eaſily, are every where covered with {ſmooth ſhining Scales, 
and a pinguious ſubcutaneous Membrane, that thus they may be able to 
withſtand the effects of the Water, in which they are to live, and in which they 7 
ſo ſoon diſſolve? And does it hence happen, that as ſoon as ever Fiſh are 
dead, their Scales are relaxed, and this oily Subſtance decays, the Water ſoon 
macerates their Bodies, which, had they lived, would have continued firm for 
a long time? Ad. Lip. 87. p. 160. Perault. Ef. T. III. p. 297. 

Having thus, then, examined the general properties of Water, we muſt now The nature 
add a few things concerning the different ſorts of it, for the ſervice of the of Rain-wa- 
Chemiſt. In the firſt place, then, let us begin with Rain-water ; and this cer- kept 
tainly one may properly call the Lixivium of the Atmoſphere, in which are 
contained all the Species of Corpuſcles, that were floating about in it, Of 
what kind, now, theſe are, and what great variety there is of them, we have 
already treated particularly in our Hiftory of Air: Let theſe things, therefore, 

be conſulted from p. 282 to 292. There it appears, that in this Air is 
diſperſed every kind of volatile Bodies. But Bodies are either ſpontaneouſly 
volatile, or become ſo by Fire, Fermentation, Putrefaction, Mixture, Se- 
paration, or Efferveſcence : And hence Salts, Spirits, Oils, Sapo's, Earths, 
and even Metals themſelves, are found there. Theſe, however, will be diſtri- 
buted there in various manners, according to the diverſity of the exciting cauſe, 
which for the moſt part is the Fire of the Sun, ſubterraneous, culinary Fires, 
or mechanical ones, made uſe of by Artificers. But this variety that 1s qb- 
ſerved in Rain-water won't depend only upon the exciting cauſe, but upon 
the diverſity of the Soil too, from which the Fire raiſes the Particles, and mix- 
es them with it. Nor will the difference in the ſeaſons of the year produce a 
leſs alteration in this Water: For we find, that the Vernal, Summer, Autum- 
nal, and Winter Rains differ very much, both in the Matter they contain, and 
the Effects they produce. Vernal Rain-water, for inſtance, is particularly diſ- 
poſed to Fermentation: For this is replete with thoſe Bodies which the Win- 
ter Cold had locked up in the Earth, and the ſucceeding warmth now reſolves, 
diſſipates into the Air, and mixes with the Rain. But the various alterations 
of the Weather, likewiſe, make a very conſiderable difference too in the Rain 
that falls at different times. Thus that which comes down after a very long 
Drought, appears by every character to be quite of another nature from that 
which falls after the weather has been rainy for a conſiderable while. To theſe 
cauſes add the Meteors that are frequently obſerved in the Heavens. The 
Water that falls with Thunder differs from the reſt: Not to mention the 
Winds that carry the Water of the Air from one place to another; by which 
means it happens, that when Rain ſucceds high Winds that have blown for a 
good while from one quarter, this is full of the Exhalations proper to places at 
a very great diſtance, and brought from thence by the Winds. Theſe various 
Corpuſcles, now, the Winds put inagitation, bring together from oppoſite places, 
mix with the Rain, and thus bring about a wonderful Mixture, greatly benefi- 
cial often to the Corn and Ground. And hence, as frequent obſervation tea- 
ches us, if the Rain that falls in very hot weather is catched in clean Veſſels, - 
and kept in them for ſome time, it "= ſpontaneouſly putrify into a fetid, pr 
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Elements of CutmisTay, Part II. 
trid Liquor; though, as far as I remember, no body has ever obſerved Rain- 
water to grow acid. For my own part, at leaſt, after a great number of trials 
made in the examination of Water, I have never, I confeſs, diſcovered any 
ſach thing. Bur when this Water has thus ſpontaneouſly grown putrid, it 
may be eaſily rendered wholeſome again, and may be drank without being 
offenſive 3 for if you give it only one boil on the Fire, the Animals that are 
in it will be deſtroyed, which, with the reſt of the impurities, will ſubſide to 
the bottom, and then if you make it moderately acid, by adding to it a ſmall 
quantity of an Acid that is very ſtrong, it will be fit for uſe. This is found to 
be of excellent Service under the Equator, and between the Tropics, where 
the Waters putrify ſo horribly, and breed ſuch quantities of Inſects, and yet 
muſt be drank. And for the ſame reaſon, a ſmall quantity of Spirit of bi. 
triol mixed with Water will prevent its growing putrid, and breeding any 
Animals, and at the ſame time it will continue wholeſome and good. But again, 
by all the Experiments I have made, I have never been able to raiſe Rain- 
water into a fermentation, and ſo convert it into inflammable Spirits. I have 
found, however, that in Rain-Water catched in a high, pure place, in clean 


| Veſſels, there ſwim about little pregnant Seeds of a very fine, green, river- weed; 


for upon keeping this Water in very pure Glaſſes, there firſt appeared ſome 
very ſmall Corpuicles, diſcovering themſelves by their green colour, which gra- 
dually increaſing, at laſt extended themſelves to a conſiderable breadth, and 
upon examining them with a Microſcope, I found them to be perfect little 
Plants. If you rather believe, that in this caſe the Seeds fell out of the Air into 
this Water, the thing will be the ſame; for then as the Rain falls through the 
Air, they may come down with it. The inviſible Seeds, likewiſe, of a great 
many kinds of Moſſes being interſperſed in the Rain, occaſion abundance of 
little Plants too of this kind ſpringing, up in this Water. But much the moſt 
numerous, that thus grow in Rain-water, are the Funguli, which upon examina- 
tion with a Microſcope are found to be much the fineſt of all, and in the 
greateſt abundance 3 but the collection of theſe to the naked Eye appears 
difagreeably, and looks like a Slime. Theſe then are che principal Vegeta- 
bles that properly belong to Rain-water, and which by no caution, hardly, 
can be kept out of it. In one part of the Year, however, they are in grea- 
ter plenty than they are in others, and hence, in this reſpect, they produce 
ſome variety. But farther, Rain-water catched in the Spring and Summer 
Seaſon, has been found tainted, likewiſe, with the impregnated little Eggs of 
Inſects, and has diſcovered to the Microſcope little Animals produced in it, 
eſpecially when it has been cheriſhed for'a good while by the heat of the 
Sun, and being openly expoſed to the Air. In a little drop of Water, thus 
circumſtantiated, what numberleſs Animals have often appeared, as we learn 
from the induſtrious Lewenhoek? You begin, therefore, to be ſenſible, with 
how little reaſon Rain-water is looked upon to be pure. But in Rain-water 
there is nothing more ſurprizing, than that if the very pureſt of it is perfectly 
ſhut up in a Veſſel, it in a ſhort time begins to form ſmall, white Clouds, 
which increaſing in number, and magnitude, grow continually more and more 
opake, and at laſt degenerate into a fine, tenacious Mucus, and change the 
Water into a ſlimy . Fluid. Hence, theretore, it comes to paſs, that when it 
ſtands quiet a good while, it is obſerved to form itſelf into numerous fila- 
ments, to depoſite a feculent Matter, and alter in Colour, Smell, and Taſte, 
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and after having paſſed theſe changes, to acquire at laſt the rancid ſmell, 
and nauſeous, nay ſometimes intolerable taſte of a vapid, mucilaginous Water. 
This, then, O ye Chemiſts, is the true Nature of Rain- water, ſo far diſtant 
from a pure ſimplicity, and fo tainted with various impurities! And yet 
this is the lighteſt ſort of all that we have amongſt us; whilſt at the ſame 
time all others, in almoſt every place, are ſomewhat heavier. And, in- 
deed, this is Water truly diſtilled by nature; for it is raiſed from the Sur- 
face of the Earth, by the gentle warmth of the Air, and carried to ſuch a 
height as no chemical diſtillation can poſſibly imitate; and it returns out of 
the ſame Air, without being in the leaſt rendered impure by any Veſſel. On Ad 
this account, therefore, the Chemiſts can ſcarcely by diſtillation prepare any . 
Water purer than that which Nature thus yields us: This appears very evi- 7 
dent, if we will but carefully conſider the Water which the Chemiſt diſtills; 
the Veſſel in which he performs his Operation; the Fire he makes uſe of; the 
ſmall height to which he raiſes the Water; and the Air through which he car- 
ries on his diſtillation : I fay, if we will but conſider theſe things, and com- 
pare the natural diſtillation with this artificial chemical one, we ſhall not won- 
der, that diſtilled Rain-water is not. lighter than the natural, but hydroſtati- 
cally the ſame, as I have learned by undoubted Experiments. Among all the 
varieties, now, of Rain-water, that of Snow is found to be the lighteſt. Boy. 
Med. Hydroft. p. 134. And this Snow-water, the higher the place it is catch- 
ed in, as It comes down, the purer and freer it will be from the groſſer and 
heavier Particles, inaſmuch as it won't be mixed with theſe as it falls. And 
again, if after it has been for a long time very cold and dry, the Water aloft is 
formed into ſnowy Flakes by a ſharp Froſt, then this Snow will be the pureſt 
of all, eſpecially if at the ſame time too the weather has been very calm, ſo 
that the purity of the Air has not been diſturbed by the admixture of a variety 
of volatile Corpuſcles. When the Snow, therefore, has fallen upon a ſandy, 
barren Mountain, a great way diſtant from any commerce of mankind, and 
has perfectly covered the Surface, and is riſen to a conſiderable height, then if 
you very gently take off only the upper part, this Snow will be as pure as it 
is poſſible, either artificially or naturally, to procure it: For in this there will be 
ſcarcely any Salt, Air, Oil, or other Bodies. Hence this Snow, when it is melt- 
ed, yields a Water different from all other. The Water, indeed, of this Snow 
is tne pureſt of all we are acquainted with, is exceeding immutable, capable of 
being kept for many years, and is a ſingular remedy for inflammations of the 
Eyes. From ſuch pure Snow as this the Alchemiſts - long ago afferted might 
be extracted, by a ſecret method, a very red Body, which lies buried and con- 
cealed, by an igneous power, in its inmoſt receſſes. And that this Snow, when it 
falls upon the ſame place for ſome ages together, leaves every time a very 
fine Cruſt, which in a ſeries of years riſes to a conſiderable Stratum, and renders 
the Soil there extremely fruitful, the famous Olaus Rudbekius proves by abun- 
dance of arguments, in that infinitely laborious Work, his Atalantis. p. 128. 
Thus much, then, for the method of obtaining the very pureſt Rain-water. 
But farther, this Rain-water being digeſted for a conſiderable time, putrifies,, 
ſtinks, and if it is then diſtilled, yields oily Spirits, that are in ſome: meaſure 
inflammable. And being digeſted, putrified, diſtilled, and concentrated, it has 
afforded a very fragrant Spirit, which very gently diſſolves the Body of Gold, 
without any efferveſcence. AF, Lip. An. go. p. 86. Wphen it is put into 3 
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Elements of CHEMIS TRV, Part II. 
and by the heat of the weather has putrified between the Tropics, it afterwards 


loſes its ſtink and putridneſs, ſettles, and grows very clear. Phil. Tranſ. Abr. 


Vol. II. p. 326. The moſt impure Rain- water, now, of all, is that which falls in 
very hot and windy weather, and is catched in places about cities that are low 
and fetid, where Animals, Vegetables, and other Subſtances, by the vaſt num- 
ber of people are perpetually diſſipated into the Air; eſpecially if at the ſame 
time that Air is foggy, thick, and ſtinking, ſo as to affect the Noſe with a 
very diſagreeable Swell, and the Lungs with a noxious Vapour; which Stink, 
as it often comes without any viſible cauſe, ſo it diſappears again in the ſame 


manner, without leaving the leaſt mark behind it, and perhaps afterwards re- 


turns again as it went. We have likewiſe obſerved, that when it has been ex- 
ceeding hot and dry for a long time, and there ſucceeds great Thunders, 
with large ſhowers of Rain, the Water that then falls, if it is collected in pure 
Veſſels, produces a Froth, which ſeems truly to contain ſomething of a very 
fine kind of nitrous Salt. And Rain that has come down with terrible Whirl- 
winds, has been ſometimes found to be fetid, and if it fell upon any garment, 
in the ſpace of four and twenty hours, filled it full of Animals Phil. Tranſ. 
No. 127. p. 652. Abrid. V. p. 171. Hence, then, we may eaſily ſee the rea- 
ſon why this Water is ſo greatly conducive to the fertility of the Earth, both 
as it contains a very ſubtil Matter, which furniſhes Particles both for the 
folid and liquid Pabulum of Plants, and at the ſame time is the moſt proper 


Vehicle to carry to them all thoſe Subſtances which are neceſſary to their nou- 


riſhment. If the Water, now, collected from melted Snow, and mentioned 
before as the pureſt, is diſtilled once with a gentle, clear Fire, in tall, clean 
Veſſels, this may be looked upon as the very pureſt of all, eſpecially if this 
diſtillation is performed in a place that is free from Smells and Vapours. 
After having tried a great many different methods, I have not found any 
one by which I could render Water more pure than by this. I know, in- 
deed, that ſome chemiſts, when they wanted Water exceeding pure, havediſtilled 


it very gently off of fixed alcaline Salts ; and by this means, it is true, they 


have fixed all the Acids in the Alcali, and eaſily retained in it both the oily 


and the terreſtrial Particles, but then, at the ſame time, there is ſomewhat of a 
Iixivious quality communicated to the Water. Others, therefore, have diſtilled 
theſe Waters off of Sal Gem, Sea Salt, Nitre, and the like; but the Water 
they obtained by this means was always more impregnated with heterogene- 
ous Particles. Nay, though you diſtill it ſucceſſively with different ſorts, 
you won't make it at all purer, as I learned by performing the diſtillation 
alternately, with alcalious, acid, and compound Salts. This pureſt Water, 
now, when it boils on the Fire, has that fulminating quality which we for- 
merly deſcribed, and concerning which we took notice, that it did not depend 
upon the Air, nor does it ever loſe it, though it be ever ſo pure, and has been 
diſtilled ſome number of times. But it remains farther, that we lay before 
you thoſe Marks, which in ſuch a manner belong to this pureſt Rain-water, that 
they ſerve to diſtinguiſh it from every other ſort. In the firſt place then, 
if this pure diſtilled Water is mixed with other Waters leſs pure, there imme- 
diately appears a whiteneſs upon the mixture, though they both were very 
clear before. If the beſt common, or Venice Soap is diſſolved in this Water, 
the ſolution is perfectly equable, without any ſmall ſoapy Fragments; WAGONS, 

4 | : 


if you diſſolve it in Water leſs pure, you will obſerve ſuch little Maſſes appear- 
ing half diſſolved, like Milk that is half curdled. If it is poured upon wax, 
that is to be expoſed to the Sun, or thrown upon Linnen that is to be whiten'd, 
it gives them an exquiſite whiteneſs, whereas that which is impurer leaves them 
not ſo clear. Of all Waters, this grows hot and cold again the ſooneſt: But 
by boiling, it never becomes better. If into this Water, when it is cold, you 
throw the pureſt Gold or Silver, when they are perfectly melted, either ſepa- 
rately, or together, they paſs quietly through it, and fall to the bottom, di- 
vided into little grains: This the Aſſayers call Granulation, and it is of ex- 
cellent ſervice in a great many chemical Operations. Iron, Tin, and Lead, 


in fuſion thrown into this Water, in the ſame manner, fly from it with a ve- 


ry violent motion, and a great noiſe, ſo that the mixing theſe with it is much 


more dangerous. But what a ſurprizing quality has Water, with reſpe& to 


melted Copper? Certainly, if you throw this into Water, the Copper, Wa- 
ter and Veſſel will be nd 

be reſtrained, to the imminent danger of all around it. Nay, it has been con- 
firmed by very fatal inſtances, that upon a ſmall quantity of Water's being 


| poured upon this metal, when it was in fuſion, every thing about it has. 


been torn. to pieces, with an impetus almoſt quicker than that of Gun- powder. 
This ſurprizing property, now, I am of Opinion, cannot be underſtood, or 
explained, from any common principle of Bodies. In the laſt place, Rain- 
water, when it is {imple and pure, may be looked upon as the Mercury 
of Animals, and Vegetables; for then in point of ſimplicity it is not in- 
feriour to the Mercury of Metals. Then, according to Yan Helmont, it is 
the firſt Element, out of which all things are produced, and the laſt into 
which they are all reſolved, But this doctrine, as we took notice before, muſt 
be allowed only with proper reſt rictions. 


with an incredible noiſe and fury not to 
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All Spring-water owes its origin intirely to Rain-water. For the Heat spring 


raiſes the Water from the Surface of the Earth, and the Waters, into the Air; 


and then the Air, when it is thus replete with watery Vapours, being ſtopt 
againſt the cold, broad tops of high mountains, applies it to them, by which 


means it is there collected into drops, exactly in the ſame manner as in our 
diſtillations. Theſe drops afterwards uniting together, run down the ſides of 


the mountains, either in little ſtreams on the ſurface of the ground, or elſe 


ſinking down into ſome ſubterraneous paſſage, there form a kind of reſer- 


voir, and deſcend from thence. When theſe places, now, are higher than 
thoſe where theſe Waters find an out: let, there the Fountain plays up ſo much 


higher in proportion, as theſe collections cf Water are higher than the mouths 
where they burſt out. Hence, then, we ſee the reaſons why there are no 
Springs, except in the neighbourhood of mountains? Why there are moit 
Springs where the Mountains are moſt in number, higheſt, and moſt ſolid : 
And why in Vallies ſituated between Mountains, Springs are moſt frequent, 


and riſe higheſt, Hence, likewiſe, we underſtand, that Spring-water can ne- 


ver be more pure than Rain-water, ſince the purity of the former depends in- 


tirely upon the latter. And how, indeed, is it poſſible it ſhould be more 


limpid than that Vapour from which, when it was aloft, it took its origin? 


For, certainly, Water can by no method be purified more than by being carried. 


to ſuch a height in the Air. This Rain-water, however, thus collected into 


Spring- 


Water. 
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Elements of CHEMIST RV, Part II. 

Spring-water, if it happens to fall into places that are full of Flints, then, 
being detained in their Interſtices, and running through them, it there depo- 
Gres all the heterogeneous Particles it was before tainted with, and at laſt, 
having been purified through theſe Meanders, it becomes pure Water, clearer 
than Amber. This then is the method which Nature makes uſe of to bring 
Water to its greateſt clearneſs, and ſimplicity; and this is the Water mention- 
ed by Virgil as exercitata curſu, and deſcribed by him as purer than Amber : 
Nor do I know any other contrivance whatever, by which it can be render. 
ed more pure. But we know, likewiſe, that our common Sand or Gravel is 
nothing but a collection of very pure Chryſtals, or little Flints. And the fi- 
cure of theſe, now, is ſo vaſtly-irregular, that it is ſcarce poſſible to find any 
two that are perfectly alike. Hence they can never be ſo placed among one 
another, as not to leave ſome empty Spaces between them; and for this 
reaſon, if the Water that diſtills from the Mountains happens to light upon 
theſe ſandy Gravels, it then running through the ſmall Interſtices of the Sand, 
becomes a good deal more pure than it was before. And hence, too, even Rain 
itſelf, falling upon the Surface of ſandy Mountains, and then ſtrained through 
very clear Sand, runs down in form of very pure Water. This Spring-water, 
however, when it runs through ſuch places as contain Subſtances that are 
eaſily diſſoluble in Water, it then in its paſſage diſſolves ſuch Bodies, and carries 
them along with it. Nor does it at all ſignify, then, whether it runs through 
Rocks, Sand, Hills, or Mountains, for it will ſtill retain theſe diſſolved Par- 
ticles. And hence it comes to paſs, that Brooks, Rivers, and Springs acquire 
the Nature of that Matter, which lies in the Channels through which the Wa- 
ters paſs. For this reaſon, therefore, nothing can be aſſerted concerning the 
particular diſpoſition of Spring-water, till we are acquainted with the nature 
of the ſubterraneous Paſſages through which it runs. A reflexion upon 
Alums, Salts, Sapo's, and Vitriols, makes this ſufficiently evident. Thus ſome- 
times it comes out under the name of Chalybeate Waters, called the Acidule, 
though the egregious Hoffman has made it plainly appear, that theſe are of an al- 
_ caleſcent, volatile Nature, and are replete with an embryonated Spirit. And often, 
you ſee, it appears in ſulphureous Baths, vaſtly different from the former, though 
they both owe their origin to the ſame Spring -· water. Some Springs again are whole- 
ſome, and have a medicinal] vertue ; whilſt othersare pernicious and poiſonous. Nay, 
there are ſome which are endued with a petrifying quality, as is obſerved in the 
petrify ing Cave in Burgundy, about a mile diſtant from Quingey, where the 
Water, as it drops down, petrifies into ſtatues of all kinds of figures, Fournal 
des Scav. 1688. p. 432. And yet what is particularly ſurprizing, theſe petri- 
tying Waters don't generate Stones in the human Body. Mem. de l' Ac. roy. des 
Sc. 91, 92. From all theſe inſtances, then, it evidently appears, that nothing 
can be aſſerted of the clearneſs, weight, and vertues of Spring-water, that 
will hold univerſally true; but we muſt examine every one particularly, 
if we would rightly underſtand its nature. And indeed there is no conſidera- 
tion makes this plainer, than this, that if you boil any ſort of Spring-water 
whatever, for ſome time, and then let it ſtand to cool, it will always depoſite 
ſome Faces, But whilſt we are thus examining all the circumſtances of Spring- 
water, there is nothing more particular and extraordinary than that you ſhall 
have none of this Water in ſome places, though you dig to a prodigious depth. 


4 5 A ſur- 


SOLES 


Theory of the ART. - v3 
A ſurprizing inſtance of this we have given us by the famous Dr, Plott, in his 
deſcription of Staffordſhire, where he tells us of a Well that appeared by let- 
ting down a Line to be 2600 feet deep, tho? it did not then touch the bottom; 
and yet in all that depth, there was no Water to be met with. How prodigi- 
ous ſolid muſt the bottom of that Well be, to prevent any Water's bubbling 
up through it? And how very ſtrong and ſolid mult the ſides of this Well be 
from the Surface of the Earth to the depth of two thouſand fix hundred feet? 
Conſult the famous Author, and Journ. des Scav. 1686. p. 14. 
River-water ſhould come next under our confideration : But as all Rivers p;,..wx- 
that run with a conſtant courſe, owe their origin intirely to Water collected ter. 
from the Air by Mountains, as we have juſt now mentioned to be the caſe of 
Springs, hence the matter of them both originally will be perfectly the ſame. 
In this reſpect, therefore, every thing that has been ſaid of Spring-water, 
may be applied to River-water. And the principal difference, indeed, that 
there is between them, is this, that Spring-water almoſt always runs under- 
round, whereas River-water being generated on the Mountains, trickles down 
the ſides of them, collects itſelf into little ſtreams, which gradually uniting to- 
gether, form Rivulets, and at laſt terminate in large rapid Rivers, always ex- 
poſed to-the open Air. Hence, therefore, whatever falls from above, what- 
ever 1s brought by the Wind, whatever is added by Vegetables that fall into 
them, whatever is brought thither by Animals, or depoſited there by Fiſhes, or 
amphibious Animals, all theſe things are collected in Rivers, mixed with their 
Water, and lodged in them, and there may be macerated, putrified, and at 
laſt diſſolved. River-water, therefore, beſides containing every thing which we 
mentioned before of Spring-water, may have all theſe Bodies mixed with it 
likewiſe. If you pleaſe now to conſider, that theſe Rivers thus coming from the 
Mountains, let them run ever ſo far, at laſt diſcharge themſelves into a Sea that 
is lower than thoſe Mountains, then you will eaſily perceive the reaſon why 
they never ſtand ſtill, but conſtantly keep on their courſe towards the Sea. 
Hence, likewiſe, we underſtand, that Rivers, whilſt they are continually run 
ning through ſo many different places, as Woods, populous Cities, Cc. their 
Water mult in every one of theſe become perpetually of a different nature. For 
this reaſon, then, again, we muſt not pretend to pronounce abſolutely concern- 
ing the particular nature of River-water, but conſider here, likewiſe, what al- 
teration it continually receives by this addition of new Bodies. The Rain-wa- 
ter, certainly, that comes down from the Clouds, mixes itſelf with this River- 
water: As we fee likewiſe Animals, Vegetables, and Foſſils, in different places, 
and times, are diſperſed through it likewiſe, What wonder, therefore, is it, 
that ſome Water taken in by the Exgliſb at St. Iugo, and put into Hogſheads, 
ſhould be fo altered, that when they were about the Iſland Borneo, it ſhould, by 
the Heat of the Weather, emit a Vapour, which upon a Candle's being apply'd 
to it, catch'd into a bright Flame? The Water at that time was exceeding fe- 
tid, but after it came to ſettle, it grew very ſweet again. Philoſ. Tranſ. Abridgm. 
T. V. p. 271. Thames Water, put into Cafks, ſtinks, and comes to itſelf again. 
And New London Water ſtank prodigiouſly in eight days time, but being carried 
to Virginia, it again became ſweet. Phil. Tran}. N. 127. p. 652. And again, 
the ſame Thames Water being put up into Hogſheads, and carried into hot 
Countries, within the ſpace of 8 Months, * changed into a Liquor abounding 
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with inflammable Spirits, ſo that the Vapour of it took Fire like Spirit of 
Wine. At that time too it ſtank ; but upon the admiſſion of, the freſh Air to 
it on opening the Veſſels, the ſtink was all gone in four and twenty hours; but 
if the Veſſels with their Water were well ſhook about, it went off in five hours 
in ſuch a manner, that it was not at all troubleſome: And yet this ſtinking 
Water when it is drank, is born by the human Body without any inconvenience, 
Tranſ. N. 268. p. 838. Tranſ. Abridg. T. III. p. 547. Mem. de Þ Ac. Roy. des 
Scav. T. I. p. 404. If Sea-water, now, is drawn off by diſtillation, and is 
then mixed with River. water, it uſes to prevent this putrefaction, as appears by 
the Experiments of Du Hamel upon Menſtruums, p. 412. But again, in the 
Kingdom of Congo, there is found a Water, the froth of which, if it lights up- 
on Straw, and is then expoſed upon the Shore, concretes into a tenacious mat- 
ter, which when it comes to the Fire, grows hard like Iron. A#. Lip/. 1687, 
p. 630. And the Water of the Rhone, if it is firſt ſuffered to ſtand and ſettle, 


and is then put up into earthen Veſſels, will not putrefy by Heat, tho' it 


will very much if it is put into wooden ones. A#. Lip/. 1683. But farther, 


upon a careful Examination by Experiments, it has been obſerved, that Rain, 
Snow, Spring, and River-water, hydroſtatically compared, ſcarce differ one 
thouſandth part of their weight; and that, tho* ſome Water from the Ganges 
was tried among the reſt. Boyl. Med. Hydr. p. 104. Hence we can ſcarcely un- 
derſtand, or think credible, what is told us by another Author, viz. that there 
is a Water in ſome part of Africa, which upon an accurate hydroſtatical Exa- 
mination, appeared in the Bulk of one pound to be four ounces lighter than the 
Water in England, Boyl. Uſeful. of Phil. Experim. Part II. p. 114. I wiſh this 
ſurprizing Experiment had been more exactly deſcribed, and confirmed by pro- 
per authority: The thing certainly is of conſequence enough to deſerve it: For 
it this was found to be always the caſe, then what Herodotus tells us of the Wa- 
ter of the long-lived Ethiopians, would appear to be perfectly true. But not 
to grow too prolix, I think what I have ſaid ſufficient to let us into the nature 


of River-water : For it appears to me very evident, that the impurities of ſuch 


Standipg- 
Water. 


a vaſt number of Bodies as are mixed with this Water, ſupply that matter 
which cauſes it, when expoſed to a great Heat in wooden Veſſels, to ſuffer and 
undergo all thoſe alterations of Fermentation, and Putrefaction, which we have 


juſt now mentioned; which, therefore, are to be aſcribed to the contents of 


thoſe Waters, and not to the Waters themſelves. 
But we mult ſtill add a few things concerning the Waters which ſtagnate in 


Lakes, Ponds, and Ditches about Towns; for theſe likewiſe are frequently 


made uſe of by the Chemiſts. If we conſider this ſort about our City of Leyden, 
we find it to be a Lixivium of all the Privies and Common-ſhores that are con- 
tinually diſcharging themſelves into theſe publick Ditches. At the ſame time 
too, vaſt quantities of materials made uſe of in dying our Wool, Hair, and Silk, 
are here diſſolved likewiſe; by which means what a ſurprizing and confuſed Mix- 
ture muſt hence ariſe? Certainly, Alum, Tartar, Vitriols, the Subſtances that 
give the Colours, and Agua Fortis, are perpetually running in great abundance 


from the Dyer's Coppers into this Water. And yet all this Water, now, is either 


diſcharged into Harlemer Meer, or only gently flows backwards and forwards, 
Why, therefore, ſhould it ſeem at all ſtrange, that a good many Articles in 
dying ſhould be brought to greater perfection here by the help of theſe Waters, 


than 


Theory of the AR T. 
than in other places, where they are attempted in the ſame manner without 
them ? That this is the caſe, abundance of Experiments confirm. This ſtag- 
nating Water, now, is a good deal heavier than pure natural Water: For 12 
ounces of this Water being put into a glaſs Baſon, and expoſed to a gentle 
Heat, when the Water was exhaled, diſcover*d at the botrom a great many little 
Inſects of various kinds, and beſides, a large quantity of earthy Matter, yel- 
lowiſh, and of a limy nature, together with Mud; which being mixed with 
Aqua Fortis, produced a very ſtrong Efferveſcence. Various kinds of theſe 
Waters, now, being examined hydroſtatically by a glaſs Index immerged into 
them, there appeared to be a conſiderable difference in their weights, which 
reduced to a Table was as follows. Firſt, pure Rain-water, catched as it fell, 
was found by this Inſtrument to be lighteſt of all, and therefore this was made 
uſe of as a ſtandard for the reſt. Secondly, Water taken out of the river Sale, 
was one Line heavier than the former. Thirdly, the medicinal Waters at Hall, 
were two Lines heavier. Fourthly, the Spring-water there was four Lines hea- 
vier. Fifthly, the Spring-water in the Houſes was ſix Lines heavier. Sixthly, 
that Water being put into an open Veſſel, and let ſtand a good while in a 
Cellar, was ſix Lines and a half heavier. And Seventhly, the Water that ſtagnated 


thereabouts in the Ditches and Lakes, was found to be heavieſt of all, viz. to 


be ſeven Lines heavier than the firſt Rain-water. All theſe Experiments made 
with a great deal of caution, and accuracy, are faithfully related by the egre- 
gious Hoffman, in his Exercitationes Phiſico- Chemicæ, which can be never ſuffici- 
ently recommended. How careful, therefore, ought we to be in making Ex- 
eriments with Water, which appears to be ſo various; ſince every fort of 
it, in regard of its different contents, muſt ſo far conſtantly produce different 
effects? We ought, therefore, to be acquainted with the methods by which 
its purity may bediſcovered, before we make uſe of it for theſe purpoſes. One 
of the belt ways then of trying whether Water is pure, is by a Solution of 
Silver made in Aqua Fortis, and then diluted with the pureſt Water we can pro- 
cure : For if you then drop ſome of this Solution of Silver into any Water you 
want to examine, if it don't thereupon grow turbid, opake, or white, you may 
ſafely enough depend upon its being very pure, except, that it may contain 
ſome Spirit of Nitre, or Aqua Fortis in it. In the fame manner the beſt Oil of 
Tartar per deliquium, diluted in a good deal of pure Water, ſufficiently demon- 
ſtrates the purity of the Water under Examination, if upon being mixed with 
it, it produces no alteration in it; for if there is any thing elſe in it beſides al- 
caline Bodies, it immediately diſcovers it by a ſudden change of its Colour. But 
there is nothing in this caſe more eaſily affected than a Solution of Sugar of Lead 
in the pureſt Water you can get; for if any heterogeneous Water is dropped 
into this, its impurity appears in an inſtant. Conſult the Acad. del Cimento, p. 
237, where you wlll find various valuable Experiments. Such Marks, now, as 
tneſe, that thus ſerve for the Examination of Waters, are of infinite ſervice in 
chemical Inquiries, where there is an incredible nicety required, ſince the ver 
leaft admixture of any foreign Matter will often render the whole Operation 


ineffectual. How often have the Chemiits, to their great diſappointment, ex- 


perienced the truth of this, when they have been engaged in raiſing the Arbor. 
Dian, or in the chemical Production, and variation of Colours? 
: 2 2 | But 


355 


: N 8 
22 * nd * 


Ser 


— . — " 8 | : . 5 - 3 8 $36 + L . - : 1 
= 8 2 — _ L 6 o * » £ Y 2 1 * 2 >” 6 = —— I : > — Fes STI - — 
. bh 6 2 : N 5 1 8 * — » 3 84 > ra = * = ira ao —_— x -- - . A. — wy - - — — 2 _ \ . 
2 - $3 $4 2 * 8 - — 7 — 3 / . 3 DSS o TOO 2 — ̃ ae . — — 3 F rr * 8 — : _ 
4 — 2 WC er. bs. = 3 - nn 8 9 5 . r e "5 g * * - ©" 0 ts. - AR — — SS = * of — P IT D =. 2 — 1 n 4 + 3 Ys 4 f — \ - _— C2 
4 = 4 8 War ＋ DIX vs Xs 4 *. 8 * 3 2 R AR — a 2 — 8 n 8 1 2 A . Se »+ = : SES © * 8 i Wu = i OR AS "Ne = F e 
a > $4 — 3 + A 23 - * a " W vY .- 4. 3 1 "5 if H23 , Os "I - S AF L a -- 5 r, 5 1 
Ko "C5 - * 6, - Ik y *- - * Tor 22 : — _ - " n Ty EE LT = 7 8 e S230 * as : 357 e nf 8 6 * 9 2 44M 2 2 8 4 1 8 RP ER IR Pao — = pA ICT: \ a 
r 8 > OT. Co Me CRE MK - 19 hay, ne 5 > f » 7 0 — 5 2 8 0 e a” I 323 8 . ſs neue 7 E * En es > —— eE 3 5 e vp og gow note en 2 8 r „ ay _ 3 * _ OK, 
— 1 = 1 "- \ =.-* . \ 5 * 1 M 5 a r ao — . — * e — > the N e 8 „ mem enn Wo nh 5 8 — V — nr 405 na l : 3 E 2 — = - hy 
* * — HS EY 3 * by > 5 5 on ST--% * e es 8 l N CE 5 r A 2 . kr ee Do - n 2 22 r \ - bros ES 4-6; I 
9 dm * PLE a * 2 S : 8 "2 MW, 5K 2 8 . . Thy BRAY 2 
N - ** } K —— 
1 py 
2 


— 
: T 3-410 3 


= 4g a 28 
P34. . J. a — —— — = 
x n 28 : l a. xv. "Ya 
r 3 


. 2 
e : | . 1 = pa g _ —_— 
* 2 * 1 4 2 3 T 5 = 4.4 IT as q " 2 * p * * 2 — * 3 For 74 N. * 2 *% x ax - apts = a> 
r - — 2 — 1 — — 3 8 . BE nt IT na of vis =; 2 — p c > — IE. — hes * ; a 4 = ela f \ * . - $0 
. — 1 _ 1 JOS. DS F- 3 1 2 Fe” : 8 - N _ —— —_— ; : 2 2 * 8 20 * 3 2 0 ©. 2 — 5 8 . 2 — * : * 
5 1 3 : 3 — © : METS. 2 — 5 7 — i * oc V 1 3 * i ba "7: gat XI * 4 d 2 * * * — ks ned - TY * 88 x 7 af — bn, "ol LED 2&4 — TRY . — GP we = 5 —ͤ— 
= a OY Bn — 1 =» CR: 1 3 * N * a --.- * | we Leon. - £7 Ae. on TR TL", SEPT s oh = on 2 hs A 8 
- — 2 ; . 1 = "_ 4 8 f 1 cope? * ON RP I + A % A wn 2 Ws — ber 2 yy 2 a A . 
F- — 2 32 — 4 - , we = 2 2 £ 8 — * I A 4 == N E =". 
2 — > Ip —_— a 1 — r 7 n r TRE 4 5 Li 
— — — 4 — 1 * 3 


© nt, — 
n Ws 
— N - 


356 Elements of CurMis TRY, Part II. 

Ice, the na. Upon an Examination, now, of what has been faid, we are obliged to con- 
8 of ceive of Water as a kind of Species of Glaſs which melts in a Heat of 33 de- 
grees, and grows hard in a Cold that is a ſmall matter greater: For it then 
becomes a hard, elaſtic, brittle, pellucid, inodorous, and infipid Maſs, that 
may be poliſhed into durable Zens's and Meniſci, for Microſcopes, and Burn- 
ing-glaſſes. This Glaſs, it's true, is volatile; but in other reſpects, is the ſame 
as the common. And if we regard it now with proper attention, it is pretty 
ſurprizing, that from ſo foft and fluid a Body as Water, there ſhould in a 
thort time be produced ſo hard and ſolid a one as Ice : And that from Cor- 
puſcles, which whilſt they were in a ſtate of Fluidity, had no ſigns of elaſticity, 
there ſhould, now they are conſtringed together, ariſe a Maſs that is exceeding 
elaſtic, and which being formed into a Ball, rebounds like Glaſs, or an cla 
tic Metal. And this hardneſs, now, and elaſticity, thus produced in Ice, 
increaſes continually in the ſame proportion as the Cold increaſes, fo that 
when at laſt that comes to be very intenſe, Water becomes hard like true 
Glaſs, and acquires a prodigious elaſticity. But this Glaſs ariſing from Water, 
diſſolves again in 33 degrees of Heat, and then becomes immediately volatile. 
Some ingenious Men, indeed, have aſſerted, that by a ſtrong and laſt ing Cold, 
the Particles of Water may be ſo united together, as to be converted into 
Chryſtals and Gems, that would not melt in a common Glaſs-houſe Furnace: 
But that this opinion is not ſufficiently confirmed by proper Experiments, we 
have taken notice already. If you ſuppoſe, however, that this may be true, 
then Water, by this transformation, would be capable of receiving ſuch a 
quantity of Fire into it, as to make it red hot, and ſhine in the dark like Me- 
tals, Stones, and other ſolid Bodies. But ſo far as we are hitherto acquainted 
with Water, it is found impoſſible, by any aſſiſtance of Art or Nature, to in- 
creaſe the Heat of it to more than 214 degrees, unleſs at the ſame time you 
compreſs it with a greater power than common. If, indeed, we could com- 
preſs Air a thouſand times more than it is compreſſed by a common Atmo- 
iphere, in this caſe, poſſibly, one might heat it nine thouſand degrees farther ; 
which Heat would then be much greater than that of melted Iron, But in. the 
laſt place, as ſoon as ever frozen Water is diſſolved by the warmth of the Ar, 

all its hardneſs, elaſticity, and brittleneſs, are at once perfectly deſtroy'd. 
beni: And no ſooner is Ice ated upon by the very leaſt degree of a Heat that is 
thaws, it be- able to thaw it, but it immediately becomes a Menſtruum, a moving cauſe, 
comes and the moſt univerſal Vehicle, which diſſolves, in particular, the more active 
Bodies, mixes them together, applies them to one another, by uniting itſelf 
with many Bodies that are too acrid, renders them more mild, puts all Bo- 
dies in agitation, and ſo produces the moſt remarkable phyſical changes, and 

operations. „„ 

n Animal)! In Animals, certainly, all Nutrition is carried on intirely by the help of Wa- 
the Vehicle ter. Not, indeed, that the Elements of Water are converted into the very Ele- 
ot Auments ments of the animal Body, for this is not ſo univerſally agreed on, but with- 
out ihe aſſiſtance of Water, the true nutritious Particles can ſcarcely be con- 
vey'd to thoſe parts of the Body that want a ſupply of Nouriſhment from 
them. As Water, therefore, alone, is a proper Vehicle for this purpole, 
hence, of confequence, Nutrition cannot be brought about without it. | 


But 


+. Theory of the ART, 

But neither is there any ſuch thing as Life itſelf in Animals, without the concur- 
rence of Water; for this is the ſofteſt, moſt fluid, and fineſt part of all our 
Humours, and penetrates moſt effectually into all, even the minuteſt Veſſels of 
the Body. If this is too much diminiſhed, Life itſelf is ſoon at an end, the 
Blood and other Fluids being by no means capable of carrying on the Circula- 
tion: Nor is there any known Liquor in Nature that will by any means be able 

to ſupply its defect. Hence, therefore, every vital action depends upon Wa— 
ter, as it is this that renders the other Humours fit to circulate through their pro- 
per Veſſels. Whoever by a very gentle Heat has ſeparated the Water from any 
animal Juices, either the thickeſt, or the moſt diluted, has always found, that 
this conſtituted much the greateſt part, and diſpoſed the remainder to paſs 
through the Veſlels deſigned for them. And again, if you examine any ſolid 
part of the Body, you will find, that likewiſe owes almoſt all its aptitude to 
the actions of Life, to Water alone, which being once removed, it becomes 
incapable of them immediately. | 


387 


The Inſtru-· 
ment of Life, 


Ul 


Nay, and Health itſelf, which is the greateſt perfection of Life, and the exer- And Healthy 


ciſe of all the actions neceſſary to it, depend upon, and are effected by Water, 
more than any thing elſe. The increaſe of the Body is brought about princi- 
pally by Water. Water is the cauſe of a great many diſeaſes, and a great ma- 
ny are removed by it. Death itſelf is often occaſioned by an exceſs of Water, 
but much more frequently by the defect of it. And laſtly, Water performs 
the moſt happy Cures. | 


And that Water is equally ſerviceable to the Life, Health, Nutrition, Increaſe, as aww in 
and other Actions of Vegetables themſelves, is very evident from what the fa- Vegetables, 


mous Dr. Woodward has given us upon this ſubject, in the Philoſophical Tranſatt- 
ions; which has been ſince confirmed by the ingenious Dr. Hales in his Vegetable 
Slatics. The whole fruitfulneſs, certainly, of the Earth, ariſes from Rain and 
Snow, by which a fertile Cruſt is gradually ſpread over the moſt barren Sands, 
and there produces a very black and fruitful Earth: This we learn from the 
elegant Oblervations of Olaus Rubekius, whom we have mention'd already. But 
in Egypt, and J.ybia, where the ground is not much moiſtened by Dew, or 
Rain, nor any Rivers ariſing from Mountains, there, when the Sands are once 
| barren, they always continue ſo ; particularly, becauſe the Storms of Wind 
there raiſe up the Sands in vaſt Clouds, and thus deſtroy the firſt Rudiments of 
this fruitful Cruſt. Verulam. p. 655, 656. | 


And laſtly, Foſſils themſclves, ſo long as they remain in the metallic Veins, And ia Foc 


in appearance of a liquid Juice; nay, and Metals, whilſt they continue in form 
of a thick, pinguious, ponderous Fluid, and go by the name of a metallic Gar, 
ſo long they exiſt in form of a ſaline unctuous Fluid, and they may then be 
diſſolved in Water, nay, and actually contain in them a diluent Water. Up- 
on this head you may conſult the Writers upon Metals, and particularly Agr:- 
cola, who is far the chief of them, Certainly, all ſaline, vitriolic, metallic, 
concreted Juices confirm the truth of this; for all theſe make it evident, that 
Water is the principal Agent among them, that dilutes, moves, changes, and 
increaſes them, and mixes them one amongſt another, | 


fils, 


From what has been ſaid, then, it evidently appears, how ſurprizingly and The uſes of 


univerſally Water is uſeful, The moſt tender, and beautiful Colours of Bo- 
dies, certainly, are formed by the concurrence of Water, witneſs the fineſt Co- 
| lours 


Water for 
other pury2» 
ſes, 
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louts of Flowers, not to mention numberleſs other inſtances, The particular 
ſcents of Bodies are chiefly mixed, preſerved, and perfected by the admixture 
and temperament of Water: For in this Vehicle, which is much the propereſt 
for this purpoſe, they are moſt gratefully diſtributed. And as for the elegant 
variety of Taſtes, what does this depend upon but Water, which by a due in- 
terpoſition, applies them to the Tongue, and the Palate? The ſingular, the 
nutritive, medicinal, medicated, and poiſonous qualities of Bodies too, by the 


concurrence of Water, are rendered active, tho? they were not ſo before. But 


again, that the very great hardneſs and firmneſs of Bodies depends often upon 
the interpoſition of an aqueous Gluten, we have already demonſtrated. Cer- 
tainly, Bricks, Tiles, Stones, Bones, Horn, Hair, and Hoofs, were it not for 
the Water that is in them, would ſoon be diſperſed into a very ſoft Powder, 
Nay, and moſt of the phy ſical actions that Bodies exert one amongſt another, 
are performed by means of Water, and would ceaſe without it, And as this is 
true of. Operations that are excellent in themſelves, and are the origins of a 
great many other actions; hence thoſe of courſe muſt depend principally upon 


Water. An inſtance will make this plain: The Efferveſcences produced between 


Salts and Salts, Salts and Oils, and Salts and ſolid Bodies, happen then only, 
when theſe Salts are ſo diluted with Water, as to be reduced to a ſtate of 
fluidity, and ſo brought into action: For when they are perfectly freed from all 
their Water, and left quite ſolid, they then generally are but little active. But 
we know what a vaſt many changes and operations ariſe purely from Efferveſ- 
cences z which therefore all neceſſarily require the concurrence of Water, in order 
to their being effected. But if we conſider Fermentation, too, the fruitful Spring 
of ſo many, and ſo great phy ſical productions, this certainly, can by no means 
be brought about without Water. Nay, on the contrary, if Vegetables are 
deprived of their own Water, they can never poſlibly be raiſed to a Fermen- 
tation, but will continue unaltered for a long time: But as ſoon as ever a pro- 
per quantity of Water is added to them, and they are expoſed to a ſuitable de- 
gree of Heat, and the Air has free admiſſion to them, a fermentation ſponta- 
neouſly ſucceeds and produces all its effects, which are ſo very conſiderable, 
The putrefaction of Animals, Fiſh, and Vegetables, never happens neither in 
Bodies that are dry: For theſe likewiſe, if they are intirely freed from their 
Water, and thus rendered perfectly dry, may be kept for a vaſt while in a dry 
Air without corrupting, whereas, if they are moiſtened with Water, they are 
ſoon converted into an intolerable putrid Matter. There are numberleſs other 
ſeparations of various Bodies, which are brought about by Water very eaſily, 
but can be no ways effected without it: Thus the ſeparation of Salts from 


Earth and Oils, and the extraction of Alcohol from Reſins, and reſinous Sub- 


ſtances are performed by Water. And on the other hand, the union of a 
great many Bodies too, depends intirely upon Water, and cannot be obtained 
without it; of which we have given you a great number of evident in- 
ſtances already, Precipitation, again, which among the chemical Operations 
is ſo conſiderable a one, is performed principally by the mediation of Water. 
The Sublimation, too, of the precious Oil, procured by diſtillation from Aro- 
matics, Ballams, Barks, Flowers, Leaves, and Seeds, depends intirely upon 
the aſſiſtance of Water alone : For take away this, and there is no phyſical or 
chemical Contrivance by which this beautiful Oil can be obtained pure, and 


without 
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without an empyreumatical Taint. But again, Water is the medium by 
which we can certainly diſtinguiſh and direct the degrees of Heat from the de- 
gree 32, to the degree 212, which it is very difficult to do by any other method. 
Tdon't deny, indeed, but that Oil will do the ſame, nay, and farther too, quite 

fo 600; but in theſe caſes, Water continues always the ſame, whereas Oil 
growing continually thicker and thicker, does not afterwards retain the equable 
increments of the aſcending Heat. This now is of vaſt uſe in the chemical Art, 
nor was this known to the ancient Chemiſts; if it had, they would not have 
taken ſuch a vaſt deal of Pains to find a method of raiſing and keeping up an 
ö equable degree of Heat, equal to the vivifying Warmth of a brooding Hen; 
N for this now- a- days may be eaſily come at, directed, and continued by the help 
N of Water, and a Thermometer. Concerning all theſe effects of Water, how- 
ever, that have been mentioned, this is to be remarked, that they will be ve - 
ry different, according to the various degrees of Heat that are applied to it, 
ſo that upon every increaſe of Heat, the effect of Water will conſtantly vary: 
But as this is ſufficiently evident, I ſhall not take up your time in explain- 
ing it. | 

But Water now is never obſerved to be more active, than when by bofling, The vapour 
it is raiſed into Vapours in a cloſe place; for if Bodies are expoſed to ſuch a of hot Wa- 
floating Vapour, and are perfectly moiſtened by it, they are thence ſurprizingly © _ 
penetrated, altered, corrupted, and diſſolved. By Experiments, however, that 
have been made on purpoſe in this affair, it is certain, that Vapours exhalin 
from Water by means of a gentle Heat, have this different effect upon Bodies 
expoſed to them, that thoſe that riſe from Salt-water make them putrify leſs, 
than thoſe from freſh, which deſtroy them a vaſt deal ſooner ; ſo that hence 
the putrifying power of the Vapour of freſh Water, by the aſſiſtance of Heat, 
was very evident. The ancient Phyſicians, therefore, very juſtly remarked, 
that a moiſt and hot Air has a peſtilential Quality, and ſoon diſſolves hu- 
man Bodies. And by the Moderns it has been obſerved, that the Europeans 
who firſt ſettled in America, almoſt all died of a malignant diſtemper, which 
in form of a putrid Fever, very ſoon reſolved their Bodies. And this happened 
particularly to thoſe Perſons who lived in the places which were woody ; for 
there the Air is always exceeding moiſt, and abounds with warm Vapours ; 
exhaled by the Trees, and other Vegetables, in incredible quantities, For if 
you compute, according to the calculation of the ingenious Dr. Hales, in his 
Vegetable Statics, the Surface that all the Leaves of a pretty large Tree make 
up in the Summer time, it will be evident, that there muſt be a prodigious deal 
of Water continually exhaling from the Woods in ſo hot a Climate. And hence, 
when theſe Woods were ſet on fire and deſtroy'd, and the Country was laid open 
to the Air, the ſame places became very healthy. See upon this head the cu- 
rious Obſervations of that famous Phyſician Ludovic. Teſti, concerning the 

wholſomeneſs of the Air of Venice. Af. Lipſ. Sup. Pl. III. p. 167. 

That Water rarifies when it is by Froſt congealed into Ice, was firſt obſerv'd tc rarer 
by the famous Galilzo, and conſequently, that Ice is rarer and lighter than the than Water: 
ſame quantity of fluid Water. Hence it comes to pals, that Ice always ſwims 
upon Water, the ſpecific gravity of Water being to that of Ice, as 9 to 8. 

 Experim, of the Acad. del Cimento. 25. 28, 
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From aeral This rarity, however, of Ice, is owing to Spaces full of Air-Bubbles, which, 
Lade. whilſt the Water is freezing, are formed in it, and being conſiderably large in 
compariſon of the Water, are the cauſe that the Body of the Ice appears lighter. 
For in our Hiſtory of Air and Water it has been abundantly demonſtrated, 
that in cold Water there is a pretty large quantity of Air lodg'd in the Vacu- 
ities left between its Elements ; which Air, however, not coming at any other 
aerial Particles, is not collected and united together, nor has any elaſtic force. 
But when the Water comes to be conſtringed by the Cold, by reducing itſelf 
into a narrower compaſs, and leſſening its Interſtices, it preſſes out the Ele- 
ments of Air, unites them together, and hence forms elaſtic Bubbles, that ex- 
pand themſelves, and become lighter. And as the ſtrength of the Cold grows 
gradually greater and greater by the aſſociation of new ones, theſe Bubbles 
grow continually bigger and bigger, and thus increaſe the proportion of Air, 
to the bulk of the Ice. TY 
_ Theſe now at laſt being rendered very great, the Air acquires ſuch a prodi- 
reaks Veſ- . > 
gel. gious expanſive power, that it burſts almoſt all Veſſels, let them be ever ſo 
ſtrong in which it is confined; even ſuch as it could ſcarcely have broken, if it 
had been dilated by the Heat of boiling Water. Some of the moſt ingenious 
among the Philoſophers, indeed, have imagined, that this accident happens 
from the ſolid parts of the Metal's contracting themſelves upon the Ice that is 
formed within, and conſequently, not from the expanſion of the Ice outwards, 
but from this contraction inwards, the Veſſel, and the Ice, being in the mean 
time both condenſed by the Cold. But to this ingenious conjecture, the Gen- 
tlemen of the learned Academy del Cimento, oppoſe the following evident Ex- 
periment. They took a new hollow Sphere of pure Gold, and filled it perfectly 
full of Water, and having cloſed it, expoſed it to a freezing Cold. At the 
ſame time too, having fixed the Sphere, they fitted upon it an exact metal 
Ring, a little leſs than a great Circle of the Sphere; which being placed looſe 
upon the Sphere, encompaſſed it round almoſt at its center. They then mark'd 
the place exactly in the Sphere where the edge of the Ring reſted; and after- 
wards, when the Water was frozen, they found, upon examination, that the 
Surface of the Sphere was ſo remov'd from the center, and grown ſo much 
larger, that the Ring was conſiderably raiſed from the great horizontal Circle 
of the Sphere towards its Vertex, the expanſion of the Sphere being much 
greater than the contraction of the Ring, as appeared by comparing it with 
another Ring that was of the ſame ſize, and was rot expoſed to the Cold. 
| ꝗe formes But Water, now, from melted Snow, or that which has been a good while 
22 boiPd, freezes more ſlowly, and at the ſame time becomes much more ſolid, 
Air.  Tarifies leſs, and forms much fewer Bubbles whilſt it is freezing. Acad. del 
Cimento, p. 163. And very pure Water, kept a good while in the Air-pump, 
and expoſed to a freezing Cold in Vacuo, freezes there much ſooner than it 
woald have done with its Air in it, and ſtanding in the open Air in the ſame 
degree of Cold. The Ice too from Water thus deprived of its Air, has been 
found to be much harder, heavier, more equable, and more pellucid, than 
common Ice: So that hence it is certainly evident, that it is the Air which is 
lodged in the Water, and is collected by the freezing Cold, that produces this 
rarity and lightneſs. Nay, upon making ſome Experiments very carefully 
an this manner, there was Ice produced, chat would not ſwim upon Tw 
= Bid. 
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Did. 171. If in exceeding cold Weather, you pour a fine Powder of Sea. 

Salt, Sal- Gem, Fountain-Salt, or Sal-Ammoniac, that is equally cold, upon 

raſped Ice or Snow, and then rub them together, the very moment they are 

mix'd, the Salt will begin to dillolve, and at the fame time there will ariſe a 

greater Cold than was in either of them before, and that always to a certain 

degree, let the degree of Cold in them before they are mixed be what it will: 

At leaſt, as far as we have been hitherto able to diſcover. And this artificial 

Cold, by a repetition of the ſame Experiment, may be increaſed at pleaſure. 

Alcohol of Wine, in the ſame manner, being poured upon, and mix*d with 

Ice, increaſes the Cold. If the pure ſaline acid Spirits of Sea-Salt, Nitre, Aqua 

Fortis, or Aqua Regia, are rubb'd too with Ice, they generate Cold likewiſe, 

which will be always ſo much the intenſer, as they are ſtronger. But of this 

we treated largely in our Hiſtory of Fire, whilſt we were relating Fabrenheit's 

Experiments for producing the greateſt Cold that has hitherto been known. 
If a Perſon, therefore, ſhould in the coldeſt Weather take the moſt pure The mot 

Water, and in the carefuleſt manner deprive it of all its Air in the moſt perfect PF** lee. 

Vacuum, and let it freeze there, and afterwards by this contrivance of Fabrenbeit's 

cool the Ice as much as poſſible ; then one might procure the hardeſt, denſeſt, 

pureſt, moſt pellucid, and heavieſt Ice, and by this means the phyſical cha- 

rater of Ice might be determined evidently to the Senſes. In the mean time, 


however, as far as we can judge from what has been experienced, ſuch Ice 
would diſſolve again with a Heat of 32 degrees. © 
Hence itevidently follows, that the greateſt degree of known Cold does not Not changed 
| R A , . by Cold in- 
convert pure Water into any kind of Stone, Chryſtal, or Gem, tho? this ar- «a Body 


tificial Cold is 40 degrees more intenſe than the natural one in thoſe places, tht remains 
e 8 3 x ard inthe 
where it is aſſerted, that frozen Water is changed into mountain Chryſtal. 80 


Fire. 
With us, certainly, no increaſe of Cold in Ice has made it melt with more dif- 
g when it has been expoſed again to the uſual degree of Heat that diſ- 
olves it. | 

The pureſt Water, now, being poured into a very clean Veſſel, and herme- Water not 
tically ſealed up in ſuch a manner, that it had not the leaſt communication u *7 
with the external Air, continued a whole age without any ſenſible alteration: 
So that in all that time, it neither hardened into a ſolid form, nor generated Earth, 
or any thing elſe in it, tho* this was tried in the Air at Rome, which is pretty 
warm. Boyl. V. I. p. 62. Du Hamel. T. IV. p. 109. | 

Again, if by the help of the Air-pump, you deprive Water as much as poſ- Cong ian 
ſible of its Air, and then whilſt it remains ſo, ſhake it about in a Veſſel, it will — 4 
emit an infinite number of very ſmall Bubbles, that ſpring up like ſparks of chan Arr. 
Fire, and have not much the appearance of Air riſing out of the Water. Do 
theſe very ſmall Bubbles, therefore, when they are united together, form thoſe 
fulminating non- aerial Bubbles, which appear in Water whilſt it boils upon the 
Fire, after all the Air by long boiling has been expelled out of it? Du Ha- 
„ 0.305. 5 e | 

But there is nothing now that is more apt to impoſe upon us, than the quan- Ls often 
tity of Water in the Air: For the Particles of Water being ranged in a certain concealed | 
poſition, with regard to one another, are capable of producing very thick wi tree, 
black Clouds; and yet the ſame Water, in greater quantity, and more denſe, of it. | 
but diſpoſed in a different manner, ſhall be ſo pellucid, that there ſhall not be 
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the leaſt appearance of it. Thus, if we ſhut our lips pretty cloſe, and blow 
our breath out very ſtrong, it will ſcarcely appear; but if with an open mouth 
we breath it out gently, it forms a very viſible little Cloud, if it meets with 


the cold Air. In the fame manner, ones moiſt Breath, in the Summer-time, is 
not diſcernible, though you ſee it very plainly in the Winter, But of this we 


treated fully in our Hiſtory of Fogs and Clouds. Here, therefore, we only 


give this hint to the Chemiſts, that, ſince it ſo much concerns them, they 
would learn to make the moſt accurate Hydroſcopes poſſible, and ſtudy, by 
the help of them, to find out a method of diſcovering the quantity of Wa- 
ter in the Air, whenever they have a mind. The uſefulneſs of ſuch a know- 
ledge, not to mention any thing elſe, appears evident from the neceſſity of 
knowing what temperature of the Air is moſt convenient, if you would pre- 
pare Oil of Sulphur per Campanam, or Oil of Tartar per Deliquium, in the beſt 


A Wave of 
Water. 


If ſtanding Water is not at all ruffled with Wind, it forms a Surface, that 
diſpoſes it parallel to that of the Earth. If you then throw a heavy Body upon 
the Surface of this Water, whether it be a great one, or a ſmall one, or whe- 
ther it falls upon it gently, or with force, this Body, by thus falling into the 
Water, will with ſome impetus drive out ſo much of it upon its ſtagnating 
Surface, as is equal to the bulk of the Body. This expulſion, therefore, of 


nues above the Surface of the Water, but when once it is quite covered, it then 


the Water will ſucceſſively continue ſo long as any part of the Body heh 


deſcends equably, nor is afterwards taken notice of. The Water, now, th 

was raiſed by the Body immediately returns back again into the place that 
is left by it as it ſubſides, by which means there is formed an undulatory 
Circle upon the Surface of the Water. And this, from the point where the 
Body falls as a Center, is propagated in greater and greater Waves, always 
concentric to one another, to a conſiderable diſtance. And theſe Waves are 
always formed by this Law, that in the ſpace of 8: ſeconds, they run through 
a radius of 12 feet from the Centre of their motion; whereas ſound runs 1080 
feet in one ſecond in the Air; ſo that a Wave of Air is to a Wave of Wa- 
ter formed in the ſame time, as 765 is to 1, which is pretty near the propor- 
tion of their ſpecific gravities, according to the computation of the famous. 
De la Hire. Though ſuch circular Waves, now, ariſing from different cauſes 
and centers, happen to interſect one another, yet each of them ſtill continues. 
on concentrical to its proper center; nor are they confounded with one another. 
And if they happen to meet with a reſiſting and reflecting obſtacle, after their 
reflexion they proceed on with the ſame celerity as if they had met with no- 


reſiſtance at all. And, which is ſtill a much greater Paradox, and really fur- 


Can Water 
be converted 
into Earth? 


prizing, whether the Wind is with or againſt them, it makes no difference at 
all in the propagation of the Waves. See by all means on this head the 
Memoirs de Phyſique, &c. Ann. 1693, p. 133. Theſe things I thought worth 
while to take notice of, that they might afford matter of ſpeculation to our 
Chemiſts, who are continually forming notions about the harmony of the 
univerſe. 5 
If you diſtill the pureſt Water with a gentle Fire, and in a very clean 
Veſſel, to a perfect dryneſs, it will leave a light ſpot at the bottom of the 
Glaſs. And this will always happen, repeat the Operation ever ſo often, on 
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the ſame Water, but in freſh Veſſels, Nay, and if you pour it back again in- 
to the ſame Veſſel, and then diſtill it again, upon every ſuch diſtillation the 
Cruſt will grow a ſmall matter bigger, till at laſt it becomes pretty conſider- 
able. This Experiment, by the indefatigable induſtry of the great Robert Boyle, 
was carried on to the two hundredth time, and he tells us in his laborious Trea- 
tiſe of Original Forms, that when Water had been thus cautiouſly diſtilled 
200 times in a glaſs Veſſel with an Alembic, an ounce of it at laſt produced 
ſix drachms of a white, light, inſipid Earth, that was fixed, heavy, and indiſ- 
ſoluble in Water. Orig. Forms, p. 259. to 273. Upon the authority of this 
account, the greateſt Philoſophers have laid it down as certain, that Water, 
by ſimple repeated diſtillation, may be abſolutely tranſmuted into true Earth. 
And hence the illuſtrious Newtoy deduced, that Water thus converted into 
Earth, might at laſt be made red hot. Opt. Lat. p. 319. Q. 22. With proper 


deference, however, to theſe great Men, give me leave to tell you, what I 


have been able to diſcover upon a careful examination into this matter. I took 
ſome Rain-water that was catched upon our obſervatory, in Veſſels that were 
very clean, and ſo placed, that no Rain could be beat into them that firſt fell 
any where elſe: A great quantity of this I put into a large Cucurbit, and with 
a very gentle Fire of an Athanor, to avoid any Smoke, I diſtilled it into a very 
clean Receiver to a perfe& dryneſs. There remained then a white ſpot at the 
bottom of the Glaſs, but incredibly ſmall in proportion to the quantity of 
Water: And at the ſame time, though I had with the utmoſt care luted the 


Veſſels together with a Lute made of Linſeed-flower and Water, I found that in 


this diſtillation there was a good deal of the Water loſt. Hence I confeſs I can 
no ways poſſibly underſtand how thoſe famous Gentlemen could by any means 
prevent all the Water's perſpiring through the luting of the Veſſels, before 
the ſame could be diſtilled two hundred times. But ſuppoſing this, whilſt 
we are repeating theſe diſtillations, at the ſame time that the Water paſſes in 
form of Vapour out of the Cucurbit through the Alembic into the Receiver, 
the empty part of the Cucurbit, the Alembic, and the Receiver are full of the 
common Air of the Elaboratory where this Experiment is made : But this Air 


is always full of Duſt floating about in it, occaſioned by the Fires, the draughts 


of Air, Wind, and people's moving backwards and forwards. That this is the 
caſe appears plain from any glaſs Veſſel diſpoſed in the very uppermoſt parts 
of ſuch a place, which will be ſoon covered with Duſt, If we conſider this 
carefully, therefore, it will be very evident, that in every diſtillation there 
mult by this means be a ſmall quantity of Duſt added to what was collected 
before. And if this Operation is repeated too hundred times, there muſt, on 
account of the Water's being poured back again, be four hundred ſuch collections 
of Duſt. I don't at all deny, therefore, but that ſome of the powder ſo pro- 
duced is owing to the feculent Corpulcles themſelves in the Water, though the 
greateſt part of it I think ought to be aſcribed to the Duſt in the Air. And 
when, upon a Juſt calculation, founded on experiment, I compute the quantity 
both of che Duſt ariſing from the impurity of the Water, and that collected 
from the Air, I confeſs I cannot certainly fee that any Earth was really gene- 
rated from the ſimple Body of the elementary Water in theſe Operations. And, 
indeed, there is ſtill ſo much the more reaſon to doubt of it, as Mr. Boyle re- 
peated the Operation himſelf but three times, and afterwards took it upon the 

| Aaa2 authority 
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authority of a Chemiſt, that by two hundred diſtillations, an ounce of Water 
had yielded fix drachms of Earth. I don't at all queſtion, therefore, but 
every body that is pleaſed with this kind of inquiries will think that there is 
ſomewhat of conſequence in the opinion, which I here candidly ſubmit to the 
examination and correction of the publick. That Water may be concreted 
with other Subſtances into a ſolid Body, ariſing from this union, I am obliged 
to believe, for reaſons I have given already: But that the Elements of Water, 
by mere diſtillation, have ever, without the interpoſition of a third Body, been 
ſo united as to be converted into mere Earth, I have not yet ſeen ſufficiently 
demonſtrated by Experiment, and have learnt by frequent inconveniencies, 
that we are too apt to negle& in our chemical proceſſes, thoſe heterogeneous 
Bodies that ſecretly inſinuate themſelves, during the Operation. Thus then, 
Gentlemen, I have laid before you all thoſe things which the modern doctrine 
furniſhes, with certainty, concerning the third univerſal, chemical inſtrument, 
Water. Whether, now, that Water into which the Alcabeſt is ſaid ultimately 
to reſolve all Bodies, is the very ſame with that which we have been treating 
of, I am not yet, I confeſs frankly, able to determine. This doubt thoſe per- 
ſons only are capable of reſolving, who are ſo happy as to be let into ſuch 
myſteries, the admiration of which is all that is left for us. | 


Of EART REH. 


Definitionof Both the Philoſophers and Chemiſts have made uſe of the term Earth, in 
—_ treating of the Principles or Elements of which compound Bodies conſiſt. 
For by this word they deſigned to expreſs one of thoſe Elements, which in 
conjunction with the reſt makes up theſe compounds, and qualifies them in 
a good meaſure for performing the Operations both of Nature and Art. And 
if we examine very nicely into the proper ſignification of the term, as made 
uſe of by them, we ſhall find, that by Earth they meant a ſimple, hard, 
friable, foſſil Body, fixed in the Fire, but not melting in it, nor diſſoluble in 
Water, Alcohol, Oil, or Air, | SW. 5 
Fxplicet. That the Idea of Body is included in that of Earth, no body, to be ſure, 
| will deny, as its Maſs is extended into the three dimenſions of Body, is perfectly 
impenetrable, and always gravitates with its own proper weight. But it 
ſeemed a more difficult matter to determine, whether or no it ought to be 
ranked in the claſs of Foſſils: Upon a careful examination, however, of the 
characters we formerly laid down of the three natural Kingdoms, I ſhould 
think it ought principally to be referr'd to foſſil ones; for more or leſs Earth 
is always intermixed with almoſt every Foſſil that we are acquainted with, 
This I confeſs in Metals is demonſtrated with more difficulty; but in the reſt it 
is diſcovered very eaſily, and that in ſuch quantity, that it can ſcarcely be ſe- 
parated from them, and then, not without a great deal of trouble. The weight 
of ir, beſides, is ſo great, that it exceeds that of Water, Salts, Oils, and vege- 
table and animal Spirits; and by this means it inſinuates itſelf into the in— 
nermoſt parts of the Earth, ſo that it is found, and may be dug out of its deep- 
eſt receſſes. And laſtly, pure Earth never diſcovers in its Maſs the inter- 
mixture of any other Elements, or ſcarcely any variety, Hence, therefore, 
it appears, that Earth could hardly be reduced more properly to any kind of 
Bodies, than that of Foſſils. Suppoling, then, Earth to be a foſſil Matter, 


what 
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what an exceeding ſimplicity do we diſcover in it? Certainly, ſo great a one, 
that you'll ſcarcely, in the whole compaſs of Nature, find a Body that is more ; 
ſimple. For pure Earth, or, as it is called, Virgin Earth, appears ſo uniform, 
and homogeneous, that even Metals themſelves don't ſeem to be more ſo. 
And when it is perfectly ſeparated from every thing elſe, then, notwithſtand- 
ing its exceeding fineneſs, it is hard and conſiſtent. I confeſs, indeed, there 
are harder Bodies; but this, nevertheleſs, poſſeſſes a conſiderable degree of 
hardneſs. The Matter of Earth, in the mean time, appears friable, ſo long as 
it continues under the obſervation of our Senſes ; as it always readily ſuffers it 
ſelf to be reduced to a finer Powder, in which reſpect it differs widely from 
true Metals and Gems. In this particular, however, conſiſts its greateſt diffe- 
rence, that it remains ſo fixed and immutable in the moſt intenſe Fire, that 
when it is intirely alone it is not poſſible to put it in fuſion, 
If a perſon catches pure Rain-water, and diſtills it carefully, he will find The moſt 
ſome Fæces left at the bottom, as we took notice juſt now in our laſt arti- 2 
cle upon Water, If the fæculent Matter thus collected is perfectly dried, ſtillation. 
and then thoroughly burnt, it will yield ſome Aſhes, which being very ac- 
curately freed from all the Salt that is in them, produce a fine pure Earth, 
which goes by the name of Virgin Earth. For whether this Matter is gene- 
rated from the Water itſelf, which is ſuppoſed to be changed in this manner ; 
or whether, which is more probable, it is collected from the Air, it produces 
this very ſubtil Powder. For the Air, as we obſerved before, though it is quiet, 
and contained in a cloſe place, aboundseven then with a large quantity of an earthy, 
and kind of aſhy Duſt, This appeared evidently in our Hiſtory of Air, by the con- 
ſideration of looking obliquely upon the Rays of Light, in a dark Room, and is con- 
firmed by laying a piece of black Silk open there, which will ſoon be covered with 
a kind of duſty Cruſt ; which conſiſts chiefly of a fine Earth, which was floating 
about in the Air. A very conſiderable part, therefore, of this Powder is Earth, 
which, by an infinite number of Cauſes, being rendered exceeding fine, and put into 
motion, becomes capable of being carried aloft in the Air, particularly, if it 
happened to be expoſed to Wind. There, afterwards, it intimately mixes itſelf 
with the falling Dews, Fogs, flying Clouds, Water, Rain, Snow, Hail, Hoar- 
Froſt, and other things, to which it is applied, and with which it becomes 
cloſely united, Nor does the fixed nature of the Earth, generated in the diſtil- 
lation of Rain-water, which, as Mr. Boyle obſerved, would bear the intenſeſt 
Fire in a crucible, without being changed, or flying off, make at all againſt 
what we have aſſerted, though a perſon, indeed, might be apt to think with 
himſelf, how can ſuch a quality as this be conſiſtent with a Powder's float- 
ing about in the Air: But it is one thing, certainly, for a Body to be at reit in 
a Fire, tho” a very intenſe one, that is equably applied to it, on all ſides; ano- 
ther to be taken away with an unequable motion of the Air, though without a 
Wind. When a very fine Powder of Earth is placed in a Teſt, and urged up- 
wards, downwards, and on all ſides, and from the center, by the very fame 
Force, it ſtagnates, if I may ſo expreſs myſelf,'in a homogeneous Liquid, and 
by this means continues at reſt; but if the puff of a Bellows happens to fall up- 
on this ſame Powder, it inſtantly diſperſes it about: And as Clouds replete 
with Water are driven abour, and the very Waves of the Sea are carried up, 
and hurried along by the Winds, fo we know likewiſe, that che Sands of Egypt 
and 
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and Lybia are raiſed into the Air in ſuch a manner, that they were ſufficient to over. 
whelm Cambyſes's whole Army. Gold-Leaf, and very thin Plates of other 
Metals, bear the greateſt force of the Fire, for a conſiderable time, in the Cu- 
pel; and yet are blown away by the Breath, or a very gentle Wind, and dif. 
ſipated into the Air. We ought to conſider, likewiſe, at the ſame time, that 
Bodies that are perfectly terreſtrial, ſo long as they are intirely ſimple, and 
unmixed, often continue fixed and unmoved by the Fire, though upon their 
being mixed with other Subſtances, they become ſo volatile, as to ſuffer them. 
ſelves to be carried up into the Air, by a moderate Hear. There is nothing, 
you know more fixed in the Fire than Gold; and yet if you mix it with Regy- 
lus of Antimony, and then carefully rub it for a conſiderable time with the beſt 
Sublimate of Mercury, you make ſuch an Alteration in it, that it will fly off 
with a gentle Fire. And ſo pure Earth, if it is perfectly ſeparated from every 
thing elſe, will remain fixed in a Crucible, in the ſtrongeſt Fire; though if you 
mix it with other Bodies, you may diſſipate it into its ultimate Particles. This 
we need no other proof of, than the burning of Wood under a high Chimney, 
Does not the Smoke of this fix a black Soot to the very uppermoſt part of the 
Chimney, which, being chemically examined by Fire, yields a large quantity 
of Earth, which was carried up ſo high by the Oil and Salt that were mixed 
with it? And yet this Earth, now, when it is purified, and by itſelf, you may 
burn with the ſtrongeſt Fire, and it will in the midſt of the Flames remain per- 
fectly fixed. Thus then you underſtand where and by what method one may 
procure the moſt ſimple Earth, viz. by diſtillation of the pureſt Rain-water. 
But yet even in this caſe, the Fæces that are thus produced, will contain in 
them every thing that was, together with this Earth, floating about in the 
Air, and at the ſame time is not volatile enough to aſcend in that degree of 
Heat with which the diſtillation is performed. | 
Andbycom-. If Vegetables are burnt in an open Fire, they moulder away into white, fixed, 
3 fine Aſhes, which with the leaſt puff may be blown into a volatile Powder, and 
Vegetables. be carried by the Wind to a very great diſtance. Nor has there ever yet been 
| diſcovered any one Plant that upon burning would not produce ſuch Aſhes. It 
ou take, now, theſe Aſhes, and waſh them a good many times, and very 
carefully, with the pureſt Rain- water, you may by this means perfectly free 
them from all the fixed Salt that remained in them: And as the Fire before 
had carried off all the Oil, and volatile Salt, the Earth will at laſt remain in the 
Water by itſelf. Theſe Aſhes, then, which will not have the leaſt Saltneſs in 
them, muſt be ſhook well together, with ſome very pure Water, and when this 
is become turbid, it muſt be poured off into a clean Veſſel, and then more 
Water muſt be put upon the Refduum, and ſtirr'd together, and decanted as 
before, and this muſt be repeated till all the Aſhes are thus waſhed from the 
little Stones, Sand, bits of Glaſs, and other little, ſolid, heavy Particles, which 
are not capable of being diluted in the Water. All this turbid, decanted Wa- 
ter, then, muſt be put into one Veſſel, and ſuffered to ſtand till all the Aſhes 
have ſubſided to the bottom ; and then you muſt very carefully pour off the 
Water, leaving at the bottom a very fine Mud, which if the Salt is perfectly fe- 
parated, by being dried with a gentle Fire, will give the true elementary 
Farth, produced from Vegetables by the Chemical Art. This Earth, now, is 
found to be perfectly inodorous ; quite inſipid; of a white colour; very ts 
2 an 
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and ſcarcely ſonorous; hardly diſſoluble by any means, in Air, Water, Fire, Alco- 
hol, or Oil; ſo fixed in the Fire, that if it is pure, it can ſcarcely be converted into 
Glaſs; capable, like Flower, of being work'd with Water into a Paſt that is ſo 
ductile, that with care it may be formed into a Veſſel, which is able to bear al- 
moſt the very greateſt Torture of the Fire without any damage, will not vi- 
trify in any degree of common Fire but remains unchanged, and will contain 
in it all kinds of Metals, whilſt they are ih fuſion. This is that Earth which 
the Aſſayers make their Teſts with, for trying their Metals, when they want to 
diſcover what quantity of Gold or Silver is mixed with other foſſil Bodies. Of 
this are formed the Cupels, in which the Foſſil Glebes are mixed with melted 
Lead, by which means they leave their Gold and Silver fus'd into a globular 
Figure, whilſt every thing elſe is diſperſed and carried off. Of this too are 
made the Mufflers under which theſe Cupels are placed, to prevent any Dirt's 
falling into them, and through which there paſſes a pure and very ſtrong Fire. 
This is that Earth which being kept ever ſo long with melted Lead in an in- 
tenſe Fire, is never fuſed itſelf, or made to vitrify with it. And laſtly, this is 
the Earth of which is formed that Myſtica Vannus of Yulcain, not of Bacchus, 
through the Pores of which the crude and imperfect Bodies, that vitrify with 
Lead, are ſtrained, as it were, and run out, whilſt not the leaſt Particle of Gold 
or Silver is admitted through them, which collect themſelves, and unite into. 
a globular Maſs, in the center as it were of the Teſt, though its whole Concave 
Surface and Body are every where, and equally porous. This Earth, there- 
fore, when it is formed into ſuch a Veſſel, is the true Steve of Metals, when 
they are fuſed with Lead. All theſe Characters, then, belong properly to that 
very pure Earth, which is procured from the Aſhes of burnt Vegetables, by the 
Chemical Art. : a 
The very ſame fort of Earth, likewife, may be obtained from that part of As likewif 
Vegetables, which in burning aſcends from the Fire, in form of Flame, Sparks, — 
Smoke, and Soot: Nor does it at all ſignify of what kind they are, or whether 8 
they are green or dry, acrid or mild. For if the Smoke that fixes upon the 
very uppermoſt cold parts of the Chimney, and there forms itſelf into ſooty 
Flakes, is collected, and expoſed to a very ſtrong Fire, in a clean iron Frying- 
pan, it will fume, take fire, flame, and at laſt conſume into white Aſhes, 
which being freed from their Salt, if they contain any, by the method afore- 
mentioned, yield an Earth, which in every property exactly reſembles the 
former, nor can by any means be diſtinguiſhed from it. Hence therefore we 
learn how volatile Earth may become, when it is mixed with other Bodies, and 
rapidly agitated by Flame; to what a great degree of volatility it may by this 
means arive; to what a height it may be carried, and fo be diſperſed and ſcat- 
tered through the Air. When the black Smoke ariſes from Vegetables, and 
floats along in form of Clouds, the Earth likewiſe being there rendered volatile, 
moves together under the ſame appearance. But laſtly, when Soot is collect- 
ed, and diſtilled in a clean glaſs Retort, with various degrees of Heat, and 
at different times of the diſtillation, it yields a Phlegm, Spirits, a volatile 
Salt, and another Salt, that riſes only with the laſt degree of Fire, and vari- 
ous forts of Oils; and in the end there remains at the bottom ſome black 
Fæces, which being burnt in an open Fire, produce Aſhes, which when by the 
help of. Water they are perfectly depurated from their Salt, give exactly the 
| very. 
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very ſame Earth as was procured by the foregoing Methods. Theſe laſt Ex- 
periments, therefore, evidently demonſtrate, that the force of Fire agitates the 
very Earth with the Water, Oil, and Salt, and carries it aloft; and that 
this is perfectly of the ſame Nature with that which remains in the fix*d Aſhes 
of burnt Vegetables. This indeed is very ſurprizing, and at firſt may ſeem 
hardly credible, but yet it is abſolutely certain, and diſcovers to us a quality 
of Earth which before we were not acquainted with. If this Earth, now, 
which in burning is ſo volatile in the Soot, as it was firſt in the Smoke, by 
diſtillation, or combuſtion, is perfectly ſeparated from all the watery, oily, 
and ſaline parts that are united with it, it then becomes equally fixed with that 
which is procured from the Aſhes of the ſame Vegetable when it is burnt. 
Earth, therefore, when it is perfectly pure, and alone, is exceedingly fixed in 
the Fire, tho' by being intimately combined with Oils and Salts, it may be very 
eaſily rendered volatile. How full therefore muſt the Air be of a true terreſ- 
trial Matter, eſpecially about thoſe places where great quantities of Vegeta- 
bles are continually burning ? . 

But again, take any kind of Vegetable that we are hitherto acquainted with, 
put it, as Nature Paßt it, into a clean glaſs Retort, make a very gentle 
Fire under it at firſt, gradually increaſe it to the greateſt degree, ſo that every 
thing may come over ſucceſſively into the Receiver that will riſe by thoſe dit- 


' ferent degrees of Heat, and then this Vegetable will be divided into two di- 


ſtinct parts; one, which will ſuffer itſelf to be carried up into the Receiver in 
form of a diſtilling Subſtance, whilſt the other remains in the bottom of the 
Retort, and will bear the utmoſt force of the Fire without aſcending, bein 

a fix d black Coal, which will continue ſo for a long time, as Van Helmont ve- 


ry juſtly obſerved formerly, and Dr. Hook has fince confirmed by Experiment. 


The Chemiſts, indeed, commonly tell us, that the Water, Spirits, Oil, and 
volatile Salts, come over into the Receiver in form of Liquids, as the volatile 
Puts whilſt the Earth, fix*d Salt, and a ſmall quantity of fix*'d Oil remain at the 
ottom of the Retort. But how far this is true, we muſt here examine. The volatile, 
firſt part, therefore, is always of various forts, viz. Water, Spirits, an Acid 
Salt, an Alcaline one, and different kinds of Oils. Theſe all now being mixed 
and united together, produce a Matter very much reſembling the Smoke of 
Vegetables, and the Soot that ariſes from it; with this difterence, however, 
that when theſe are raiſed by an open Fire, then many more and groſſer parts 
are carried up, than when the ſame Subſtance is expoſed to the Fire in a cloſe 
Veſſel. And hence it comes to paſs, that the very ſame quantity of vegeta- 
ble Matter yields a good deal leſs Aſhes, when it is burnt openly, than it 
leaves Coal and Aſhes procurable from it, in the bottom of the Retort, when 
it has undergone the utmoſt force of the Fire, If you take now all the parts 
together that were raiſed by diſtillation into the Receiver, and diſtill them 
again in a clean Veſſel, till the 7e/iduum at the bottom is perfectly dry, there 
will then always remain a black Coal; for tho' you urge it every ſo long with 


the ſtrongeſt Fire, you will never be able to render it volatile: Fumes, in- 
| deed, you may conſtantly force out of it; but the Coal itſelf will always con- 


tinue fix'd in the Veſſel, and excecding black. When you have attempted 
this, therefore, a good while in vain, take it out, and you will find it light 
and fungous: Then put it in a clean open Veſſel upon a common Fire, and 
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it will burn, and flame, and by this means will have all its blackneſs con- f 
ſumed, and will then leave a white Earth, which being perfectly freed from 
its Salt by tne methods before mentioned, will be the very fame virgin Earth, 
as was procured by the former Operations. Hence, therefore, it appears evi- 
dently, again, that in the diſtillation of Vegetables, the Earth riſes with the 
Water, Spirits, Salts, and Oils. If you take now the Oil diſtilled in this man- 
ner, and in a clean Retort, urge it through all the ſucceſſive degrees of Heat, 
gradually increaſed, you will have an Oil in the Receiver purer than the for- 
mer, and much more penetrating. If you then repeat this Operation for a 
great number of times, the Oil at length will become ſo fine, that it will come 
near to the ſubtilty of Alcohol; but in every diſtillation, a great. part of it 
will be diſſipated into the Air, and its proper Spirit, which gave it its pecu- 
liar ſmell and taſte, will intirely diſappear. In the mean time, likewiſe, in 
every diſtillation, there will, at the bottom of the Retort, be generated a black 
Coal, which never yields any Salt, or can be rendered volatile: And when 
this again is burnt in an open Fire, it produces white Aſhes, and a conſiderable 
portion of Earth, always of the ſame nature. Nor is there any end of this, 
repeat the diſtillation ever ſo often, *rill at length you may collect ſo large a 
quantity of it, that the greateſt part of the Oil will be converted into a pure 
ſimple Earth; as you may fee in Mr. Boyle, Of the Mutability of Principles. 
Hence, therefore, it is certain, that this Earth may be procur'd from any Corollariee 
part of Vegetables whatſoever ; and that amongſt all the ſorts thus dere Rove a nobel 
there 1s not the leaſt difference that our ſenſes are capable of diſcovering. 
Hence too, we learn, that all this Earth, when it is abſolutely pure, is ſo fix'd 
in the Fire, that it can bear its utmoſt efforts almoſt without any alteration 
but that, nevertheleſs, when it is mix*d with other volatile parts of Vegetables, 
it is together with them carried up by the Fire, and is in that reſpect ſo long 
volatile: This we ſee, both in the Soot that is generated by burning them in an 
open Fire, and the parts that riſe in diſtillation in a cloſe Veſſel. And again, 
we obſerve farther, that there is not any volatile part of Vegetables that ren- 
ders Earth more volatile, and more eaſily ſo, than the Oil: And that among 
the different ſorts of Oil, procurable either by Art or Nature, there is not any 
one that carries up more Earth with it in diſtillation, than that laſt thick 
pitchy one, that is forced out by the ultimate action of the Fire, And to this, 
indeed, ir ſeems owing, that theſe Oils are ſo very heavy, the large quantity 
of Earth which they contain, thus increaſing their weight: And hence ariſes 
likewiſe their very great tenacity. This is particularly confirmed by this Ob- 
ſervation, that theſe Oils, when the Earth is ſeparated from them by diſtillati- 
on, grow immediately very thin, lighter, and exceeding volatile. Z 
But we ſhall again diſcover a wonderful origin of pure Earth, if we now Earth in x- 
take carefully into conſideration, the other part of the Aſhes of burnt Vegeta- ed alaline 
bles, namely, that fix'd alcaline Salt, which in the Water was waſhed awa — 
from the Earth that we juſt now examined. Any body, indeed, would be 
apt to imagine here, that there was no Earth at all remaining in this Salt; 
for the Earth we ſaw in the preceding Operation, was left undiſſolved, whilſt 
the Salt was diſſolved in the Water, and paſſed pure through very thick fil» 
tering Papers in form of a Lixivium: Upon inquiry, however, we ſhall find 
to the contrary. To this purpoſe es take this Lixivium, and firſt of * 
| | y 
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by ſuffering it to ſtand quiet for a long time, let all the terreſtrial feces ſub. 
ſide to the bottom; and by this means, it will be ſo depurated, as to be- 
come as limpid as Water: Let it then be filtered through Hippocrates's Sleeve, 
and let this be repeated till it is grown as clear as Chryſtal. This Liquor then, 
if you examine it with a Microſcope ever ſo nicely, will not diſcover the leaſt 
ſign of any terreſtrial matter. Take then this very pure Lixivium, and put 
It into a clean Veſſel, and in a quiet place as free as poſſible from duſt, reduce 
it to the conſiſtence of a thick Oil; and then in a clean iron Pot, evaporate this 
thick Liquor to a dryneſs, keeping it continually ftirring with an iron. Spatu- 
la; and by this means you will procure an exceeding pure fixed alcaline Salt. 
When this is done, put this Salt into a good clean Crucible, and with a 
Tile cover it over as cloſe as poſſible, and in this condition commit it to a 
very ſtrong Fire till it is melted : Then pour it out into a warm braſs Mor- 
tar, and with a hot Peſtil rub it immediately into a fixed alcaline ſalt Powder, 
Let this Powder then be put into a large glaſs Baſon, and be thus expoſed to 
the Air in a place free from duſt, and the Salt in a very ſhort time will be in- 
tirely diſſolved into a Liquor perfectly fluid, whilſt to the bottom there will 
fall a white terreſtrial Powder, which being thoroughly waſhed from the 
Salt that adheres to it, will appear to be nothing but mere Earth, ſuch 
exactly as the other, which remained in the Aſhes. If you take now this Oil 
of Tartar per deliguium, and dry it, calcine it, and expoſe it to the Air as be- 
fore, it will diſſolve again, and you will have a new Oil per deliquium, and al- 
ways ſome Earth remaining; and if you repeat the Operation a vaſt number of 
times, at length the greateſt part of the fixed alcaline Salt will be reduced to 
a mere ſimple Earth, that in burning was united with that other Principle, 
which in conjunction with it, formed the alcaline Salt; which faline Prin- 
ciple. being now by many calcinations and ſolutions ſeparated from its Earth, 
and ſer at liberty, flies off and is diſſipated into the Air, and leaves the Earth 
alone. If you collect, however, all this Earth together, and weigh it, you will 
find it a good deal lighter than the Salt was at firſt ; this decreaſe in its weight, 
evidently evincing, that a great part of the Salt was rendered volatile, and 
thus carried off. As this Experiment, therefore, conſtantly ſucceeds in this 
manner, we cannot but conclude, that this Earth, thus diſcovered, did really 
Exiſt before in the fixed alcaline Salt from which it is by this means procured, 
and that in ſo latent a form, that it ſuffered itſelf, during that time, to be per- 
fectly diſſolved in Water, which otherwiſe is ſo repugnant to the nature of 
Earth. And hence, therefore, it likewiſe appears, that the pureſt Earth, 
when it is united with ſome other Principle, is totally diſſoluble in Water, tho? 
it is by no means ſo when it is alone: Unleſs, perhaps, you will rather believe, 
that the very Salt itſelf, not terreſtrial before, may, whilſt it undergoes theſe 
calcinations and ſolutions, by an actual tranſmutation, be converted into true 
Earth. This opinion, however, is not founded upon any Argument or Expe- 
riment that I am acquainted with, and therefore ſeems intirely precarious: And 
beſides, it ſeems to me to be inconſiſtent with the ſettled conſtancy of Na- 
ture, which for ſo many ages has always been obſerved to act in the ſame 
manner, and by the ſame means; inaſmuch, it has never yet appeared, that 
any one Element has prevailed upon another, but that being properly adjuſt- 
ed together, they have all conſtantly remained in the very ſame Appen, 
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And as for the other Opinion, that Earth, by being united with faline Prin- 
ciples, may be rendered capable of being diſſolved by Water into a Liquor, 
in which nothing at all earthy ſhall appear, this is every where warranted by 
the chemical Art. In Glaſs, is not Earth intimately concreted with an alcaline 
Salt, and thus produces with it a perfect tranſparent Maſs ? Which nevertheleſs, 
according to Van Heimont, may be again reſolved into an Alcali, and an Earth 
precipitated from it. Do not all Metals, when united with their proper diſ- 
ſolvent Acids, appear in Water in the form of a very pellucid Salt? Which, 
notwithſtanding, may be thence again procured opake, intire, and without 
alteration: Tis needleſs to mention Chalk, Stones, Oyſter-ſhells, Earths, and 
other Bodies; all which, by being combined with Salts, ſeem to be converted 
themſelves into very pure Salts, which yet by various methods, may be again 
reſolved into their ſolvent Liquors, and an Earth which is ſeparated from 
them. How evidently is this evinced by chemical Precipitations? From the 
abovementioned Experiments, therefore, it is certain, 1. That the common 
fix d alcaline Salts, procured from the Aſhes of burnt Vegetables, do conſiſt in 
a great meaſure of true, ſimple, elementary Earth, which whilſt they are form- 
ing, enters into their compoſition, 2. That this Earth is ſo concealed, inter- 
mixed, and diſſolved in theſe Salts, ſo long as they exiſt in a fixed alcaline 
form, that it does not give the leaſt indication of itſelf by any ſign whatever, 
and therefore ſo long cannot be diſcovered ; as it will by Water, or the moi- 
ſture of the Air, be ſo diſſolv'd, as to be converted into an exceeding ſimple 
limpid Liquor. 3. That this Earth of Vegetables can only be ſubtiliz'd to 
this degree, by the moſt violent action of an open Fire, which whilſt it is thus 
conſuming Vegetables, ſo intimately unites this Earth, attenuated at the ſame 
time with another alcaline ſaline Principle, that from both of them thus con- 
Joined, there is generated an Alcali, which is a proper creature of the Fire, 
And this, now, as we Juſt mentioned, will only happen in the open Air; for 
a Coal, made from green Wood, being included in an iron Box, was in this 
manner expoſed for ſeveral hours to a very ſtrong Fire, and nevertheleſs con- 
tinued a very black Coal, nor would yield any fix'd alcaline Salt, tho? upon 
being afterwards taken out, and burnt to Aſhes in an open Fire, its Aſhes then 
afforded ſome, Hence, therefore, it appears evident, that this Salt does not 
in reality pre-exiſt in Vegetables, but is then only introduced into Nature, 
when the Fire. has united Farth to that other Principle, which may be thus 
combined with it in the open Air, but not in a cloſe Veſſel. And that this 
fix*d alcaline Salt is generated only in the open Air, and by the power of the 
Fire alone, 1s not leſs certainly confirmed by this conſideration, that if any 
Vegetable whatever, is only ſo far burnr, either in the open Air, or a cloſe 
Veſſel, as to be converted into a black Coal; then, if you reduce this black 
Coal to Powder, and boi] it in Water, it will not, in the Lixivium, afford an 
fixed alcaline Salt: And yet if afterwards you take either this Coal, or its 
Powder, and burn it in an open Fire, by boiling its Aſhes, you will be able 
irom them to-procure it. * The Earth of Vegetables, therefore, being vaſtly 
attenuated by the extreme force of an open Fire, is after the conſumption of 
the Oil, intimately united with the other ſaline part, and thus produces a fixed 
Alcali, Nor has this Salt ever any other origin that we are acquainted with. 
4. Fixed alcaline Salts, therefore, A _ ſimple Bodies, bur are — 
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of two perfectly diſtin& Principles, (intimately united together. 5. And it is 
likewiſe exceeding probable, that this burning of Vegetables, after it has atte- 
nuated the Earth, combines it with that native Salt, which was naturally in 
the Plant, and exiſted there in form of a Sapo, made up of this Salt and an 
Oil united together. And hence we ſuppoſe the action of the Fire conſumes 
the greateſt part of this Oil, and then converts the Salt, the Earth, and a te- 
nacious black Oil, into a black Coal, in which the ſaline part lies ſo concealed un- 
der the Oil and Earth, that it does not appear there as a Salt diſſolvable in 
Water, but remains ſecure from the action of this Menſtruum, till by a lon- 
ger continuance, and greater ſtrength of Fire, the black Oil of the Coal is de- 
ſtroy*d, and thus this Oil, which ſerved as a vinculum to bind together the Earth 
and Salt, is removed: And thus we imagine, that at length this ſaline part, 
which before was of itſelf conſiderably volatile, becomes fixed and united with 


this ultimate, ſubtil Earth, being now perfectly freed from its principle Oil. 


And hence it ſeems to come to paſs, that this fixed alcaline Salt itſelf, if it is kept 
for a long time in a very intenſe Heat, will at Jaſt become volatile, and periſh 


in the Fire, tho” if it is mixed in a certain proportion with Aſhes or Earth, it will 


be converted into Glaſs, which is conſiderably fixed there, and is very durable. 
6, Hence, therefore, we never find any ſimple Salt in Vegetables, which of 


itſelf is naturally fixed, that which is ſo, owing its fixity intirely to the 


Earth, with which the Fire has combined it; for if Vegetables are expoſed 
for a great length of time to the alternate viciſſitudes of moiſture and dryneſs in 
the Air, or if they firſt 2 putrify, then, if they are afterwards burnt, 
they won't produce any fixed alcaline Salt in their Aſnes. 7. And hence theſe 


fixed alcaline Salts, generated in the manner juſt explained, may, by the con- 


trivance abovementioned, be again reſolved into thoſe two Principles, from 
which they were firſt formed by the action of the Fire, namely, into a pure, 


ſimple, imperceptible, volatile Salt, and a very ſubtil, pure, inactive, fixed 


Earth. 8. From this Hiſtory, therefore, of Earth, it appears vaſtly more 
probable, that theſe Salts are thus generated from this Earth, and a faline Prin- 
ciple, than that Water, by being intimately united with the Earth, ſhould be con- 
verted into an Alcali; for tho? all the contrivances within the compaſs of the che- 
mical Art, are made uſe of to combine Earth and Water rogether, it never 
has appeared, that a fixed alcaline Salt has been thence produced, let the Fire be 
ever ſo intenſe. 9. This Earth, therefore, which is always, and every where 


the very ſame, is extracted from Plants in great quantities with the Water, 


Spirits, volatile and fixed Salts, and Oils, when they come under the manage- 
ment of the Chemiſt. And as for all the other Principles, the Water excepted, 
when they come once to be perfectly freed from their Earth, they are ſo at- 
tenuated, and become fo active and volatile, that through this vaſt ſubtilty, 
they incirely 3 all farther cognizance of our ſenſes, and are ſcarcely after- 
wards to be confined in any Veſſels, but return into their former aerial Chaos. 
The Water only, and ſolid Earth at laſt remain behind; all the reſt quite diſ- 
appear. The moſt ancient of the Chemiſts, therefore, were abſolutely in the 


right, when they aſſerted, that the Spirits are held faſt, that they may not 


fly off, by Oils, or Sulphur; that it is Earth alone that retains the Sulphur 
and Salts; and that, therefore, their fixity is to be attributed to the Earth. 
Thus, then, Gentlemen, from what has been ſaid, we are come to a ſufficient 
certainty about the nature of that Earth, which is found in the claſs of . 
tables 3 


£ 


tables; which, as it evidently appears to be perfectly the fame in every kind 
of Vegetable, conſtitutes, perhaps, an immutable Element. 
Let us now, therefore, proceed to examine this Earth in the Animal King- Earth in pu. 
dom. It has always been obſerved then, that all Animals, of what kind ſo- or a Ant 
ever, whether they fly in the Air, ſwim in the Water, or live apon the Earth, or 
within it, if they are expoſed to a warm moiſt Air, preſently putrify after they 
are dead, in a Heat leſs than that of a Man in Health. And by. this putrefac- 
tion, they are in a ſhort time ſo much altered, that their whole Bodies are re- 
folved into a moſt fetid putrid matter, which is ſo volatile, that it is diſſipated 
into the Air, there remaining only a ſmall portion of a firm ſolid ſubſtance 
behind. Whole Elephants left dead on the ground in hot Countries, and vaſt 
Whales thrown up upon the Shore, are ſoon conſumed, their bare Bones only 
being left behind, whilft all the other parts are carried aloft. As for Camels 
too, Dromedaries, Horſes, and human Bodies left unburied, after the carnage of 
Battles, it's ſurprizing how ſoon there appears nothing of them at all but their 
Bones, Certainly, the Water, Spirits, Oil, and Salt, are diſperſed in ſuch. a 
manner, that there is nothing but a little ſim ple unactive terreſtrial Matter left 
behind : And then this Earth is exceedingly-like that which we have juſt now 
been examining in Rain-water, and Vegetables. But why ſhould we inſiſt upon 
this any further, when we ſee it ſo evidently in the burying places of very po- 
pulous Cities, where the Bodies that are buried are reſolved into ſo ſmall a 
quantity of Earth, that they hardly raiſe the ground at all? All the parts, 
therefore, both ſolid and fluid, of which Animals conſiſt, and into which they 
may be again reſolved by the action of the Air alone, are of ſo volatile a nature, 
that they intirely exhale, the Earth being the only part that remains fix d, 
and is not diſſipated with the reſt. And this terreſtrial part, if we examine it 
more nearly, preſents to us only mere Bones, or a little Aſhes, which are diſ- 
perſed with a flight Wind and diſappear. LI ES Gn 
But the nature of our deſign leads us to examine this Earth in Animals ſtill And in their 
more nicely. Let us firſt, therefore, take into conſideration any of the Hu- gn 
mours of any kind of Anima] whatever, after, by a due circulation, they have h 
been quite changed from the crude diſpoſition they had when they were taken 
into the Body, and by the natural powers of the Animal, are aſſimilated to its 
peculiar Nature. Theſe then, under this Limitation, being put into a clean 
Retort accurately fitted, and luted to a Receiver, and expoſed to a Fire very 
gradually increaſed from a very gentle one to the greateſt, will in a Heat raif- 
ed to 212 degrees yield, firſt, an incredible quantity of Water; ſuch a one 
as no-body could ever imagine ſhould enter into the compoſition of the ani- 
mal Fluids. If you continue this degree of Heat for a conſiderable time, all 
the Water that is thus diſtill'd from theſe Humours, ſeems in moſt of its pro- 
perties to be almoſt the ſame with that which is drawn from Vegetables, and 
was before conſidered ; indeed, to ſuch a degree, that we find but little diffe- 
rence. There is, it's true, in this Water from Animals, ſomewhat of a ſubtil 
rancid Smell, and a diſagreeable Taſte z but theſe, as they don't diſcover the 
leaſt ſign of any Earth, have nothing to do with our preſent Enquiry, If 
you proceed then to urge the 7//iduum with a ſtronger Fire, when all the aqueous 
Part has been drawn off by the Heat of boiling Water, then this Maſs, which 1s 
always dry, and in ſome meaſure ſlightly burnt, will yield a light, yellow, Li- 
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uor, leſs volatile than the firſt Water, which has been called the Spirit of 
theſe animal Humours, This now is fetid, and of ſo ſaline a nature. that upon 
mixing with Acids, it will cauſe an Efferveſcence. It you collect then, this 
Spirit carefully by itſelf, and diſtill it in a clean Veſſel, it will produce ſome 
feces, which being burnt, and depurated, as before, yield a 1mall quantity 
of Earth, perfectly of the ſame nature with the former; ſo that this Earth 
riſes. with this Fluid, and may be procured from it. If the Maſs, then, of 
theſe Humours, thus deprived of their Spirit by its proper degree of Heat, is 
ſtill expoſed to a greater Heat, you will have from it diſtilled animal Oils in 
great abundance. But if you diſtill theſe again in a clean Veſſel, they likewiſe 
will leave at the bottom of the Retort a large quantity of fixed Earth, as we 
took notice in the diſtill'd Oils of Vegetables. And thus, likewiſe, will theſe 
Oils, by a reiterated diſtillation, be converted into Earth, till at laſt chere 
will remain only an exceeding ſubtil Oil thus freed from its Earth, which is al- 
molt of a ſpirituous nature: So that the thicknefs, tenacity, and fixity of theſe 
Oils too, ought to be attributed, as before in Vegetables, to this very ſame 
Earth. And as for the volatile Salt of Animals, which partly is forced out of 
them by the Fire together with theſe Oils, and partly riſes afterwards, and is 
ſeparated by itſelf, this always in the beginning of its production has a large 
quantity of Oil united with it, which by its viſcidity, holds down, fixes, and re- 
tains it; for as ſoon as ever you have, by the chemical Art, perfectly freed 
this Salt from its Oil, it immediately becomes perfectly volatile, and in diſtiil- 
lation leaves no fæces behind it. After the ſublimation, indeed, is made with a 
very moderate Fire, there remains at the bottom an unactive Water, which, 
let the Salt appear ever fo dry, adheres to it ſo cloſely, that in a gentle Subli- 
mation, it always diſcovers itſelf in this manner, nor can ſcarcely be perfectly 
ſeparated from by any contrivance whatſoever. All the fixity, therefore, of 
the native animal Salts, ſeems to be owing intirely to an Oil which is natural- 
ly in them, and ſerves to retain the ſaline parts; but this very Oil owes all its 
fixity and tenacity to the Earth with which it is united; and conſequently, the 
Earth is, in reality, the Vinculum by which the volatile Salt is ſecured, and held 
down, which would otherwiſe be of too volatile a nature: When the former 
Oils are thus drawn off, if you till proceed to increaſe your Fire, you will 
then have a very black, thick, pitchy, tenacious Oil, which will often puff up, 
and fill the whole neck of the Retort, and thus in form of an inflated Pitch, 
paſs into the Receiver, being heavier than any of the Liquors that were 
drawn from the Vegetable in the former diftillations. If you take now this 
laſt Oil, and diſtill it carefully, and according to Art, the greateſt part of it 
will remain an Earth at the bottom of the Retort, tho? you urge it with ever 
ſo ſtrong a Fire. And if you repeat this diſtillation again, and again, the 
Oil will every time become more and more limpid, and there will always a 
large quantity of Earth be left behind. By ſuch a tedious rectification of this, 

I reduc'd, formerly, ſome pounds of a thick Oil of Hartſhorn, into a ver 
thin, pellucid, volatile Oil, and a large quantity of a black oily Earth, which 
being burnt in an open Fire, yielded the very ſame Earth, which we have al- 
ready ſo often mentioned. By this means, then, I became certain, that when 
this laſt Oil, very tenaciouſly adhering to the Earth, was raiſed by the moſt 
violent action of the Fire, it carried likewiſe this Earth along with it; and 

; Conſequently, 
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conſequently, that r we call this Subſtance Oil, yet, in reality, a great 
part of it is only mere Earth. Hence, then, we learn, that Fire, when it is 
applied to Oils united with Earth, is ſo far capable of rendering the Earth 
volatile: And again, that the properties peculiar to this Oil that riſes only 
with this intenſe degree of Heat, almoſt all depend upon the Earth, and not 
upon the Oil itſelf. Hence, for inſtance, ariſes its very great degree of fixity, 
thickneſs, tenacity, and weight; all which it loſes, as ſoon as ever it is per- 
fectly ſeparated from its large quantity of Earth. And hence, likewiſe, we 
diſcover farther, the intimate, and almoſt inſeparable union of this Earth, 
with all the animal Oils, and the conſtant effect produced by this union, viz. 
the prevention of their being volatile; for as on the one hand, the Oils, 
by being united with the Earth, render it, in ſome meaſure, volatile in the 
Fire; ſo this, on the other, by this ſame union, prevents their being rendered 
too volatile, by a ſmall degree of Heat. And as the very volatile Spirits 
are intangled, and held down by the Oils; ſo the Oils, which would other- 
wile riſe too eaſily, are retained by the fixity of the Earth. Bur laſtly, if 
the fixed, black Faces, that remain at the bottom, after all the Oil is ex- 
pelled by the former degree of Fire, applied for a good while, are urged 
with the greateſt degree of Heat, and this is kept up for a long time, they 
will at length emit ſome blue, ſhining, denſe Fumes, and throw out, at the 
lame time, ſome ſparkling Corpuſcles, which, being received into pure cold 
Water, will be condenſed, and by their weight fink to the bottom, where 
being collected in little Maſſes, they produce the Phoſphorus, now called 
the Solid, as the former, whilſt it floated about in the form of a Fume, 
may be called the Fluid. This. Phoſphorus, now, if it is expoſed to the 
Air, takes fire, conſumes in appearance of a little lucid Flame, and flies off 
with a fetid Smell; but even then it leaves behind it a very acid, thick Wa- 
ter, in which there is always ſomething of terreſtrial Fæces. Of this won- 
derful Subſtance, now, we may very reaſonably inquire, whether it is, in reali- 
ty, of the animal or vegetable kind? Or whether it is properly a Creature 
of the Fire? Or whether it don't owe its origin to all three together? This 
is certain, it burns perfectly, it will keep for years in Water without being 
diſſolved, and at the bottom of Water it will by Heat be melted like Wax. 
It rather, therefore, ſeems to be of an oily nature, than a faline, or terreſtrial 
one; and yet it is perfectly different from every thing that has hitherto been 
ranked among the Oils or oily Subſtances, and contains but a ſmall quantity 
of Earth. 3 | | ig 
If we examine, now, the ultimate Fæces that remain after all the different The likeneg 
parts above-mentioned are drawn off, we find them ſtill to continue black; between 
but if the Maſs is taken out gently, and burnt in an open Fire, it becomes 59 
white, of an earthy nature, retaining its former figure.] This Hiſtory, 
then, of Animals and Vegetables, given with a view particularly of coming 
at the true nature of Earth, lets us ſee, at the ſame time, that theſe two 
kinds of Bodies appear to be vaſtly near a-kin in all their properties, and in a 
great many of them to agree intirely. Hence, therefore, it is no wonder, 
that Animals, by means of their concoctive faculties, can ſubſiſt intirely up- 
on Vegetables, with the ſimple addition of Water. And as this appears to 
be every where the caſe, the bodies of Animals ſeem almoſt, in 1 in- 
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ſtances, to be nothing but tranſmuted Vegetables. The chief difference, indeed, 
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between them ſeems to lie in their Salts ; for theſe, when thoroughly concoct- 
ed, and ſo become proper to particular Vegetables, are in many of them acid, 
or aiiſtere 3 whereas I have never been able to diſcover any acid ones, much 
leſs auſtere ones, in the native humours of Animals. Let me caution you, 
however, that this muſt not be underito0d of crude Juices, juſt taken into the 
Body, and ftill retaining their own proper qualities; but of ſuch as by the 
natural vertue of the animal Body, have been truly aſſimilated to the animal 
Nature. But again, the Salts of moſt Vegetables, procured from them by 
burning, are found to be fixed; whereas there was never any fixed alcaline Salt 
diſcovered in Animals, when treated after the ſame manner; though, as I ſhall 
demonſtrate hereafter, there are Vegetables that have a volatile, alcaline Salt, 
like that of Animals, as appears in the Scurvy-graſs, Muſtard, and others, 
But the Earth itſelf, or the Oils, as they contain a large quantity of Earth in 


them, ſeem, by their admixture, to cauſe the chief difference that there is in 


the fixity of the animal and vegetable Salts: And hence it ſeems likewiſe to 
follow, that the Earth in Animals exiſts in leſs quantity, and is leſs intimately 
united with their Oils and Suts, than it is in Vegetables. 

Let us, however, conſider, in the mean time, that the perfect putrefaction 


of Vegetables makes ſuch an alteration in their proper diſpoſition, that the 


Earth being, by this means, more diſengaged, recedes, both from their oily 
and ſaline parts, and thus effects, that Vegetables, which before putrefaction 
yielded, in burning, a large quantity of a fixed, alcaline Salt, being burnt af- 
terwards, afford none at all, but then give out all their Salt, of a volatile na- 
ture, as Animals do. The union, therefore, of elementary Earth, with all the 
other Elements of Vegetables, is diſſolved by no action more eaſily than it is 
by means of putrefaction, which very powerfully divides and ſeparates their 
Elements from one another, and thus deſtroys their former particular form, by 
which means, thoſe both of Animals and Vegetables become nearly the ſame. 
And hence it comes to pals, that this very putrefaction renders the Bodies of 
Animals and Vegetables exceeding fit to produce ſuch a matter in the Air, Wa- 
ter, and Earth, as ſhall be rightly diſpoſed to yield a kindly nouriſhment to 
new Vegetables, and ſo again, through their means, to Animals. On this ac- 
count, therefore, all putrefied Subſtances are particularly ferviceable in fructi- 
fying the Earth; and for this reaſon, all Animals whatever, are, by the grand 
Law of Nature, ſubject to putrefaction, ſooner or later, and thus afford freſh 
matter for impregnating their Mother Earth, and repleniſhing it with new 
fruitfulneſs. 1 l 
Since, therefore, the putrefaction of Animals and Vegetables thus ſeparates 
the Earth from the other Elements, and by this means renders them fo volatile; 
hence, perhaps, ſome perſons may be ready to infer, that fermentation, like- 
wiſe, will do the fame. But this happens quite otherwiſe : For though fer- 
mentation agitates Vegetables ſo powerfully, and for ſo long a time, yet it is 
never able thus to free the elementary Earth from its Salt and Oil. And for 
this reaſon it does not ſo aſſimilate Vegetables to Animals as purefaction does; 
nor prevents their yielding a fixed Salt in their Aſhes, if they are afterwards 
burnt; as evidently appears in Tartar. One ſort, indeed, of the vegetable 
Oils it converts into a volatile Alcali,. but is not able to change all the oily 
parts 


3 
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parts of it in the ſame'manner. From ſuch a number of Experiments, then, 
we underſtand the nature of that elementary Earth which enters into the com- 
ſition of Animals and Vegetables, as a true principle. And in both theſe, 
this Earth ſeems to be perfectly of the ſame nature, there being very little 
difference obſerved in it. This no where appears more evident than in the 
Cupels, which are made equally good from the Aſhes of Vegetables, or the pure 
Earth of Animals; and that, whether it is procured from Fiſhes, Birds, Beaſts, 
their Bones, Hoofs, Fleſh, or Juices, provided the Earth is but pure. See 
Laz. Ester, where he treats of this ſubject. This Earth, therefore, ſerves in 
the ſame capacity, both in Animals and Vegetables, gives a firm make to 
their Bodies, and affords a ſolid Ba/is for the reſt of the Elements; for theſe 
muſt all be united with this Earth, that by this means they may be fixed, and held 
together, and thus reduced into the ſhape of any particular ſolid Body. This 
Earth alone gives to them all their proper form; and when this is ſeparated 
from them, they all ſink down into an irregular Maſs, or being reſolved, 
and ſet at liberty, become volatile, and are diſperſed from one another. This 
Earth, by its fixity and tenacity, proves a proper Vinculum to bind, aſſociate, 
and properly diſpoſe all the other parts with one another, and ſo hardens the 
Body that ariſes from this conjunction, that by this means it becomes capa- 
ble of reſiſting the Air, Water, Sun, and ſome degree of Fire itſelf, without 
ſuffering any inconvenience. But then, likewiſe, on the other hand, pure, 
dry, elementary Earth ſtands in need of the aſſiſtance of Water, or Oil, as 
a kind of Cement, to hold together its ſeparate Elements, and thus to form 
them into one Maſs. 25 | x | 
If whole Animals are burnt in an open Fire, till they are intirely The Earth 
conſumed, there then remains nothing but white Aſhes, which being pound- by e e 
ed, exhibit again an Earth exceedingly like the former, and free from all on. | 
Oil or. Salt. This can no ways be diſtinguiſhed from the Earth procured 
from Animals, by the former operations, and ſerves abſolutely for the very 
ſame purpoſe in every kind of Experiment. . 
But it is time, now, that we take a view of the foſſil Kingdom, and ſee Earth in 
what Earth we are capable of diſcovering there. And here the native Salts, i rk ag 
Nitre, Sal. Gem, Fountain Salt, and Sea Salt, firſt offer themſelves to our ob- ſolution. 
ſervation. Take theſe, then, as pure as they can poſſibly be procured, diſ- 
ſolve them in very clean Water, and digeſt them for a long ſpace of time in 
Veſſels accurately cloſed, and they will yield an Earth at the bottom, preci- 
pitated from them, which will not be diſſolved in the Water. When the 
Liquor 1s thus depurated, and grown exceeding clear, let it exhale in a place 
free from Duſt, till you obſerve a Pellicle on its Surface; then remove it 
into a low, cool, quiet place, and it will ſhoot into little ſaline Glebes, of a 
particular figure, pellucid, and pure, which the Artiſts call Chryſtals, and 
theſe, if they are thus carefully prepared, produce a particular Species of Salt 
perfectly diſtinct from every other. If the L.iquor then that remains after the 
Salts are thus formed, is gently poured from them, it may be again inſpiſſat- 
ed to a pellicle, and by the ſame method as above it will generate freſh ſaline 
Chryſtals, but not ſo tranſparent, or pure, as the former. If you, then, as 
before, ſeparate the remaining Liquor, and proceed in the fame manner, after the 
Jaſt chryſtallization, there will be left a fat ſaline Liquor, that will not 3 
Ccc without 
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without a great deal of difficulty, but then will produce ſome Earth: And 
this Maſs, when you have rendered it dry by the Fire, will again ſpontaneouſ- 
ly diſſolve in the Air, and be of an acrid auſtere nature. If you take then 
the Chryſtals thus procur'd, and diſfolve them, and proceed as before, you 
will every Operation have ſome more pure Earth, which being collected to- 
gether, will produce a large quantity thus generated from the pure foſſil Salt. 
And at laſt, after this Chryſtallization and Solution has been repeated a great 
number of times, all the Salt will become volatile, be diſſipated into the Air, 
and efcape any farther notice of our Senſes ; and of the whole Maſs af Salt, 
which has thus paſſed under Examination, the Operator will have nothing left 
but mere Earth; for all the other parts, which in eonjunction with this Earth, 
made up before the Body of the Salt, being by thefe Operations feparated from 
it, grow fo ſubtil, as not to fall under our Obſervation, and fo volatile, that 
they cannot remain at reſt, but fly away. Theſe Experiments concerning the 
nature of Earth in Foſſils, were known and deſerib'd by the ancient Chemiſts, 
and have been fince performed and confirmed by the Moderns. See Du Hamel 
Hiſt. de l' Ac. Roy. des Sc. 1701. p. 16, 17. SE | 

But again, if you take any one of the abovementioned Salts pure, and very dry, 
reduce it to Powder, and accurately mix it with three times its weight of very 


dry Clay, Bole, Brick-duſt, or pure Earth, and then urge it with the greateſt 


degree of Fire, it will by this means be reſolved into a liquid part, which will 
be volatile, acid, and corrofive, and a fixed one, which will remain at the bot-- 
tom of the Veſſel in the Earth with which it was mixed. This fixed part, 
now, if, by boiling it in Water, and letting the Water ſettle, and afterwards: 
filtering it, you perfectly depurate it, and then reduce it to Chryftals, will 
yield a Salt pretty much reſembling that which was made uſe of in the diftilla- 
tion, except, that that from the Nitre will be in fome meaſure alcaleſcent. And 


if the Salt thus generated, is again diſſolved, inſpiſſated, and chryſtalliz'd ac- 


cording to Art, it will likewiſe produce a great deal of Earth of the fame nature- 
with that which was procured from the original Salt. The acid Liquor, too, 
thus drawn from the Salt by diftillation, being again diſtilled in a clean Veſſel, 
will kave ſome yellow feces at the bottom, which when they are dried, are- 
found likewiſe to contain ſomething of Earth. And theſe acid Salts, now, 


thus prepared, are ſo volatile, when they are accurately freed from all their 
Earth, that being impatient of reſt, they are continually diſperſed into vola- 


tile Fumes, which can ſcarcely be contained within their Veſſels, and fly off as 


| ſoon as ever they come to have a free communication with the Air; as a 


pears evidently in the diſtillation of Aqua Fortis, Spirit of Nitre, Glauber*s Spi- 
rit of Salt, and Spirit of Sea-Salt; for in theſe the pure Volatile acid Salt ſpon- 
taneouſly reſolves itſelf into white or red Fumes, and without the aſſiſtance of 
any external cauſe, immediately flies off into the Air. If you thoroughly now 
conſider theſe Phznomena, perhaps you will think it not very abſurd to ſup- 
poſe, that all theſe acid Salts hitherto deſcribed, would not of themſelves be at 
reſt in our Air, but that they owe this reſt, or as the Artiſts call it, fixity, 
principally to the latent elementary Earth, which ſecretly uniting with them, 
fixes their volatility, and thus holds them down: And on the other hand, that 
whenever they are diſengaged from their confinement, and get free, they then 
ſpontaneouſly regain their former and proper volatility. Suppoling, . 
this. 
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this to be the eaſe, then both the ſimple Acid, and alcaline Salts, would, as 
has appeared by the former Experiments, from the purity of their ſimplicity, be 
always volatile, and then only become fixed when they were intimately united 
with Earth. In this Doctrine, however, there are two things that ought to be 
taken notice of; firſt, that the Acid of Vitriol, and burnt Sulphur, remains 
fixed in a Fire of 560 degrees, tho? it is purified by repeated diſtillation, and 
has depoſited its f&res at the bottom of the Veſſel. This, I confeſs, indeed, 
may poſſibly be owing to ſome non-acid that is intimately mix'd with it, 
whether you ſuppoſe it of à metalline or terreſtrial Nature, that cannot eaſily 
be ſeparated from it ; for during the diſtillation, the Receiver is filled with ve- 
ry volatile Fumes, which, if there unfortunately happens to be any crack 
through which they can make their way, burſt out in a deadly Vapour : Se- 
condly, that the moſt volatile acid Salts, by being united with a very volatile 
alcaline one, are converted, without the aſſiſtance of any Earth to fix them, 
into a compound Sal-Ammoniac, which is ſemi- fixed. But to proceed, if Foſ- 
fil Alum is diſſolved, chryſtallized, and treated in the ſame manner as the 
Salts abovementioned, from this likewiſe may be procured a great quantity of 
Earth, which being perfectly ſeparated, this Salt too becomes volatile. This 
likewiſe in diſtillation ſends forth a very volatile and pernicious Vapour, and 
leaves a great deal of a kind of Lime- Earth at the bottom of the Retort. But 
proſecuting theſe inquiries ſtill farther, I diſſolved ſome Vitriol in Water, and 
digeſted it, and by this means procured from it a large quantity of Earth, called 
Ochre : And whilſt I patiently repeated the former work of ſolution, and chry- 
ſtallization, and in the ſame manner removed the fæces, all the Vitriol was con- 
verted into a yellowiſh Calx, which was the greateſt part of it, a volatile part 
that was diſſipated into the Air, and a thick Liquid, which was pinguious, 
and very auſtere, Theſe Fzces, now, I am very well apprized, indeed, can- 
not properly be referred to elementary Earth, but are rather the Calx of the 
corroded Iron: In the other particulars, however, this Analyſis of Vitriol re- 
ſembles the former Operations. The Calx now thus procured, may, by a ve- 
ry ſtrong Fire, be converted either into Copper or Iron, according to the 
different ſort of Vitriol you make uſe of; and hence we evidently ſee what 
judgment we ought to make of that opinion, which ſome Perſons have fallen 
into, who upon ſeeing the ſeparation of ſuch a Calx from a metalline Vitriol, 
have hence inferred, that Earth itſelf enters into the compoſition of Metals. 
For my own part, I confeſs, I don't remember, that by any one Experiment 
J have ever diſcovered a true Earth in Metals: As for that which is offered 
for it, it is capable of being melted into Glaſs, and by this very property ſhews, 
that it is not of a terreſtrial nature, and gives ſtrong ſuſpicion that it is of a 
metalline one. | | | 
If we examine farther, the foſſil liquid Sulphurs, and the ſubſtances produced An is f- 
from them, as the A/pbalius, Birumens, Napiba, Petroleum, and Oleum Terre, pro 
theſe, if they are expoſed to an open Fire, burn in Flames, produce Soot, 
emit black acid Fumes, and when they are quite conſumed, have ſomething of 
Earth at the bottom ; and from this, if by farther burning you reduce it to a 
Calx, you will always be able to obtain a pure Earth, exceedingly like that 
from Animals, Vegetables, and Foſſil-Salts. | | 
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And Solids. And as for true Sulphur, if you ſublime it into flowers in a cloſe Veſſel, it 


will always the firſt time leave ſome Earth at the bottom; tho' the Flowers, 
indeed, thus produc'd, in a ſecond ſublimation ſcarcely yield any. But if with 
the pureſt Sulphur, you intimately mix over the Fire an equal quantity of a 
very pure alcaline fixed Salt; then the compound that ariſes hence, being put 
into a clean glaſs Baſon, and expoſed to the Air in a place free from Duſt, 
will very ſoon diſſolve into a Liquor, to the bottom of which will ſubſide a 
great deal of Earth. This Earth you may poſſibly attribute to the Alcali-; nor 
do I deny but this may be concerned in it. Give me leave, however, to aſſure 
you, upon undoubted evidence, that the Oil, which, in conjunction with the foſ- 
fil Acid, produces Sulphur, contains likewiſe, and will yield a good deal of. 


Earth. Hence, therefore, you will be apt to be of opinion with . me, that this 


Is there any 
likewiſe in 
Metals ? 


Scarcely in 
Mercury, 


Earth may in this caſe be regenerated in the reſolution of the Sulphur,. and thus, 
diſcover itſelf to the Operator. 5 1 
The moſt ancient of the Chemiſts who got a knowledge of the Laws of Na- 


ture purely by the aſſiſtance of Experiments, were of opinion, that all Metals. 


conſiſt of Mercury exceedingly homogeneous, and another Principle, which 
gives it fixity and ductility under the Hammer: That cheſe two. Principles 
alone enter into the compoſition of Gold and Silver; but that in the other Me- 


tals, beſides theſe two, there is likewiſe another matter: that won't bear the. 


Fire, is ſubpinguious, and in fome meaſure inflammable,. which being inti- 
mately mixed with them in their original formation, becomes very firmly con- 
creted with them : As for any other Principles, they ſcarcely make mention- 
of them in their natural Hiſtory of Metals. The Moderns, however, rely ing upon. 
the evidence of their Experiments, every where in the Analyſis, and compoſition of 
Metals, tell us of an Earth, and that too, one that will vitrify, which enters. 
into their compoſition, and is the firm Ba/is. of them all: But this Earth, 
which they thus tell us may be procured from Metals, does not, in reality, an- 
{wer to the character of Earth, and therefore in a ſtrict ſenſe does not deſerve the. 
name of it. For my part, I have taken a great deal of pains in that affair,. 
3 have never yet, I confeſs, been able to diſcover in them any true. 

rth. | | a > ko) 

Mercury, when it is freſh; brought out of the Mines, if it is ſtrongly preſſed 
through a thick Leather, ſeems to leave a little Earth behind it, whilſt ic. 
thus paſſes through its Pores. If you then, after it is depurated in this man- 
ner, diſtill it in a clean glaſs Veſſel, it will leave a ſmall quantity of Faces, of 
no weight hardly, or ſcarce worth taking notice of.. Nor can I, indeed, ven- 
ture to call this, Earth, which is thus ſeparated from the Mercury by diſtil- 
lation, ſince the diſtinguiſhing marks, by which we before defined Earth, are 
not found to belong to theſe Fæces. Take then this Mercury, now rendered ex- 
ceeding pure by diſtillation, and put it into a ſtrong glaſs Bottle, made of deep 
green Glaſs, and ſo thick, that it may bear the concuſſion of the Mercury: 
without any danger of being broke: Then ſtop the mouth of the Bottle ex- 
ceeding cloſe with a Cork covered with a Hog's-bladder, which drive in. 
tight, and then ſecure it all round with Pitch, that let the agitation be ever 
ſo great, none of the Mercury may be able to eſcape out of the Bottle. This 
being done, let the Bottle with the included Mercury be mov'd very. ſtrong- 
Jy about, and for a great while together; which will be beſt effected by fal- 

3 | tening, 
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tening it to the Sails of a Wind. mill, or fixing it in ſome ſwift carriage that 
is every day driving about: And by this means, the Mercury being thus con- 
tinually agitated within this narrow compaſs, the greateſt part of it, without 
the addition of any thing elſe, will be converted into a dry, black, heavy, 
fine Powder,. which is exceedingly efficacious in curing ſtubborn Ulcers, and 
as it is imagined, is ſcarce diſſoluble in any Menſtruum. This very extraor- 
dinary Experiment, which has been tried by the egregious Homberg, and which 
few people are acquainted with, has given. occaſion to its being aſſerted, that 
true Earth may be produced from the very Body of the Mercury by this 
ſimple mechanic motion ; whilſt on the other hand, others have rather been 
of opinion, that the pure Mercury, by being agitated by this continued con- 
cuſſion, diſengages itſelf from the terreſtrial part, which nature had united 
with it in its formation; and that, therefore, that part of the Mercury, which 
remains after this ſeparation, being. purified, and freed from its unactive 
Earth, become agile and pure, and by this means grows fit for the profound 
Operations of Alchemy, and is, in reality, the ſo much wiſh'd for Mercurius 
Sophorum. Perhaps you may deſire to know what is my Opinion of this Af 
fair: In ſhort then, I take the liberty to aſſert, that the Powder thus deſcribed. 
is not elementary Earth, much leſs an Earth, that as a conſtituent Principle, 
enters into the compoſition of native Mercury. And if any Perſon will but 
take the pains to examine this Earth by calcination, and nicely obſerve the va- 
rious and wonderful Colours that ſucceſſively appear in it, and will in particu- 
Jar, at the ſame time conſider its wonderful vertues in curing carcinomatous - 

Ulcers, Lam perſuaded he will hardly be of opinion, that this is the mere 

ſimple Earth of Mercury. Nay, but ſhould I aſſert farther, that this Powder- 

may be diſſolved in various Menſtruums; and that afterwards it may be re- 


duced again into pure Mercury, it would not be without foundation, 
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me, Gentlemen, who have had long experience in theſe things, minds that are 


always ready to run into haſty concluſions, are not properly ſuited to the pro- 


ſecution of the chemical Art, which diſcloſes its ſecrets to thoſe only who are 
patient of labour, and carefully compare together the events of various Expe- 
riments, whom it rewards with proper diſcoveries, As it is exceeding difficult, 
therefore, truly to demonſtrate any Earth in Mercury, ſo on the other hand it 
is eaſy enough to come at the knowledge of many various forms of this change- 
able Body, which from its own nature 1s capable of being converted into a - 
thouſand odd and different appearances, and thus impoſes upon the unwary, 
tho? at the ſame time it remains always one and the ſame at the bottom. 


[2 


And let a Man, now, examine the reſt of the Metals ever ſo accurately, Nc fm 
where will he be able to diſcover any Earth in them? In the Calx of them? 
Theſe certainly all continue true Metals: For altho' the Calyx be inſipid, inodo- 
rous, fine, and ſometimes too pulverizable, yet, by the addition of ſome re- 
ducing Powders, as they call them, andother contrivances, they may be brought 
back again to their original form.. Whoever, therefore, looks upon theſe 
Calx's as true elementary Earth, may ſuppoſe with equal reaſon, that by theſe 
flight methods, too, he is able to tranſmute Earth into Metals whenever he 
pleaſes. But beſides, the Metals calcined in this manner, may, by the efficacy 
of the Fire alone, or by admixture of {ſome other ſubſtances with them, be 
converted into true Glaſs, which every one, who is acquainted with thele things, 


knows 


other Me⸗ 
tals, 


- 
N 
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knows very well, can ſcarcely be affitmed of pure ſimple Earth. In the mean 
time, however, I muſt caution you, that the baſer Metals, Iron in particular, when 
they are analyz'd according to Art, do yield ſomething that comes very near 
to the nature of Earth; tho? this, indeed, is but in ſmall quantity, and 
even here does not appear to be perfect Earth. But whilſt we are upon this 
head, give me leave to lay before you, what I myſelf, after a great deal of 
pains in examination of Metals, have been able, with certainty, to diſcover. If 
Gold, Silver, Copper, Tin, and Lead, are firſt prepared in à certain 
ſimple manner, and then accurately mixed with the pureſt Mercury, and by 
this means intimately diſſolved, and ate afterwards digeſted for a long ſpace of 

time, and then either very patiently rubb'd or ſhook about, there will at laſt 


be produced from this Mixture, a great deal of infipid, inodorous, fine black 


Powder, which in all of them, will be of the ſame kind, and which being per- 


fectly ſeparated by Water and Motion, will leave a pure metallic Maſs. This 


being agitated by farther ſhaking, or rubbing, will generate as before a large 


quantity of the like Powder; and this will be always the event, tho' this Ope- 


ration ſhould ted iouſly be continued for years together, as I myſelf have often 
experienced, If thoſe Gentlemen, therefore, who in their Writings ſuppole 
Earth to enter into the compoſition of Metals, had preſecuted theſe inquiries 


in the ſame manner, they would not certainly, in order to confirm their opi- 
nion, have too haſtily referr'd us to this Powder. Fer my part, who have 


hitherto laboured in vain to bring theſe Experiments to the deſired iſſue, I am 
obliged ingenuouſly to confeſs, that the Powder procured by this Art, is by 
no means Earth, but a wonderful metalline Production, whoſe properties I 
have found to be very ſurprizing. Upon this head, therefore, I may be ex- 
cuſed at preſent ſaying any thing farther, as I think, to the wiſe, what I 
have offered is ſufficient, If any Perſon goes about to ſeek for a true 
Earth in this metalline Powder, he will hardly accompliſh his end; tho”, at 
the ſame time, he will diſcover a great many things that he never dreamt. 
of. And, indeed, upon the evidence of what I have ſeen, whilſt IJ have been 


cloſely engag'd in theſe purſuits, I may almoſt venture to affirm, that neither 


Gold, Silver, or Mercury, contain any thing of Earth in their natural Com- 
poſition ; but that they are formed of ſuch a nature, that tho? they are divi- 


ded into their leaſt poſſible parts, yet they will ſtill retain ſuch a diſpoſition, 


as will render them fuſible in the Fire, or ductile under the Hammer. Con- 
cerning Gold, I can teſtify myſelf, that I have reduced it into a Liquor by the 
aſſiſtance of foſſil Acids, I have formed it into ſoft Paſtes, and procured Calx's 


from it in different manners; it may eaſily, likewiſe, be converted in a volatile 


ſcarlet Oil; it may be chang'd into a Subſtance like Butter; it may be turned 
into Glaſs ; and it will ſometimes moſt exactly reſemble Earth: But ſtill, not- 
withſtanding its appearing under all theſe different forms, it may always be 
again reduced to Gold, perfectly the ſame in all reſpects, its weight not in the 


leaſt, either increaſed or diminiſhed. And after an incredible number of di- 


ſtillations of it with Mercury, I have always at laſt procured my Gold again. 
With Silver too, I have performed the ſame tedious Operations, and the event 
has been conſtantly the ſame. Upon the evidence, therefore, of theſe Obſer- 
vations, I could not help again admiring the ancient Alchemiſts, who have 
openly told us, that Gold and Silver ate generated from pure Mercury Ow 
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origin to the various combinations of a Mereury leſs pure, and a Sulphur leſs 
defæcated. | 


From the Doctrine, now, that we have thus delivered, we may deduce the 


following Corollaries. Hence then it appears in the firſt place, that the very 
ſame fimple elementary Earth, concurs, as a conſtituent Principle in the for- 
mation of the particular corporeal fabrick of Animals, Vegetables, and ſome 
Foſſils, that are leſs durable, and leſs ſimple : That in all theſe it ſerves as a 
firm Ba/is to give them their proper farm, and unites all the other Principles, 
both with itſelf, and with one another, into one ſingle particular Body: That 
by this means, it fixes, retains, and keeps from diflipation the other parts, 
that are of themſelves too volatile, and thus diſpoſes and qualifies every Body 
to continue what tt is for ſome time, and that, both with regard to the whole 


Body, and every part of it: That this is the principal natural cauſe, that the 


whole frame is not tog eaſily, or too quickly diſſolved, either by the Air, Wa- 
ter, its own proper juices, or even Fire itſelf: And that to the efficacious con- 
currence of the Earth, therefore, in giving to every ſingle Body its proper 


and peculiar ſtructure, muſt be aſcribed in an efpecial manner, the power of: 


aſſimilating foreign ſubſtances into the nature of the Body that is nouriſhed, 


and conſequently, in ſome meaſure, the ſeminal] vertue that Bodies have of 
generating their like; for this always periſhes in every particular Body, as 


ſoon as ever its ſtructure, which depends principally upon the Earth, is de- 


ſtroy'd. 2. Theſe Bodies, therefore, that owe their origin to the very ſame 
Earth, muſt in this reſpe&t, wonderfully agree with one another. Nor, in- 


deed, do they reſemble one another only in reſpect of their Earth, but gene- 


rally likewiſe, in the very great affinity there is between their other concurring 


Principles. If you conſider all the different kinds of Animals, in what a vaſt 
number of circumſtances are they like one another? As Vegztables, we ſee all 
agree in many ſurprizing Properties. The Elements of Animals, we obſerve, . 


are continually changing into the Matter of Vegetables ; whilſt on the other 
hand, the Bodies of Animals are perpetually ſupported and nouriſhed by the 
Vegetables which they take in, and aſſimilate to their nature, and which after- 
wards actually enter their very make. The fame thing likewiſe holds true 
in moſt kind of Salts, which are partly compoſed too of this Earth. Who 
will pretend to aſſert, that Salt of Nitre, or Sea- Salt, are ſo very remote from 


the diſpoſition of the animal Body? But in theſe we diſcover the ſame Earth. 
And hence, by the way, it comes to paſs, that alcalious fixed Salts, when 
they are taken in a moderate doſe, are ſo eaſily aſſimilated to the animal Na- 
ture: For if a ſtrong healthy Man takes ſmall quantities of theſe, at ſuitable 
diſtances of time, they will loſe their proper qualities in his Body, nor will: 
there any fixed Salt appear in his Urine. 3. Bodies, therefore, that owe their 


origin to the ſame Earth, are eaſily tranſmuted into one another. 4. Iron, 


which of all the Metals ſeems to come neareſt to the Earth of Animals and 
Vegetables, muſt be allowed likewiſe to come neareſt to Animals and Vegeta- 
bles in nature, and ſeems as if it might in ſome meaſure be diſſolved in them: 
And hence it yields a noble, and very ſafe remedy for Diſeaſes of the human 
Body, whilſt the reſt of the Metals act with more violence. 5. For theſe, as- 
they do not acknowledge Earth, but Mercury for their Baſis, ſeem to _ 
— immutable 


fixed by 2 condenſing Sulphur ; and that the reſt of the Metals too, owe their 
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immutable in all Bodies, nor appear to be capable of being digeſted by our 
concoctive faculties. For this reaſon, therefore, they always continue foreign 
to our nature, and contrary to it; and tho' ſometimes in certain exceeding 
ſtubborn diſeaſes they are of ſervice, yet if you regard them in another view, 
they ſeem intirely ſuperiour to the animal powers. 6. If there was no ſuch 
thing, therefore, as Earth or Mercury, would all the Bodies that we are ac- 
quainted with be active, volatile, and ſo ſubtil as not to fall under the cog- 
nizance of our ſenſes, and conſequently be floating Atoms? Even the Sulphur of 
Metals itſelf, before it fixes, and is fixed by Mercury, the Alchemiſts tell us, 
is of all Bodies the moſt ſubtil and volatile. Concerning the reſt, the doctrine 
we have above delivered leaves us no room to doubt. 7. Earth, therefore, 
principally furniſhes the Chemiſts with their Inſtruments and Veſſels. All kind 
of Glaſs has a great quantity of terreſtrial matter united with its fixed alca- 
line Salt ; and therefore, in this reſpe&, owes its origin to Earth. As for the 
Potter's Veſſels, theſe conſiſt chiefly of pure Earth, compacted into a ſolid 
Maſs, by the intervention of Water. China-veſſels too muſt be referred hither, 
tho? they are of a particular kind. And Chalk, on account of its great like- 
neſs, may be reduced hither alſo. 8. But again, pure Earth being mixed in a 
proper quantity with pure fixed Salt, prevents their running into a Maſs, if 
they are expoſed to a ſtrong Fire, which would certainly have been the caſe, 
had the Earth been away. And as by this ſimple intermixture it thus hinders 
their fluxing, ſo likewiſe, at the fame time, it renders them volatile, tho? the 
were ever ſo fixed. Salt of Tartar may ſerve as an inſtance of this, which, 
if it is very good, and has nothing elſe mixed with it, will melt in a ſtron 
Heat, and if it don't inſinuate itſelf through the Pores of the Veſſel, will 
continue fixed there a great while; and yet, if you accurately mix it with 
three times as much pure Earth, calcin'd Bones, for inſtance, and then expoſe 
it to the ſame Fire, it will in a ſhort time almoſt totally fly off, nor will 
it run as before. In the ſame manner, Nitre and Sea Salt, more particular- 
ly, if they are alone, and urged with a ſtrong Fire, will flux, and remain 
fixed; if you mix Earth with them, they will not melt, but will be converted 
Into Acids, and become volatile. Pure Earth is, likewiſe, of excellent ſervice 
to the Chemiſts, when they want to purify animal or vegetable Salts from 
the Oil which tenaciouſly adheres to them, and renders them very impure 3 
for when theſe are exceeding foul from the empyreumatical Oil that is united 
with them, by the mixture of very pure Earth, they will be diſpoſed to riſe 
in a proper Heat of an exceeding white colour, depoſiting all their Oil in the 
bibulous Earth, and being by this means intirely freed from it, which, with— 
out the addition of ſuch Earth, would be very difficult to accompliſh. And 
here the purer and dryer your Earth is, and the greater quantity you make uſe 
.of for this purpoſe, the finer and more perfect will you obtain your Salt, eſpe- 
cially, if you make uſe of a tall Veſſel, and expoſe it but to a gentle Heat: 
With theſe circumſtances the operation is always performed moſt to advan- 
tage, which was formerly very cautiouſly concealed among the Arcana. 10. 
This ſame Earth, again, by being mixed with a great many Subſtances diſ- 
poles them to diſcharge a flatulent Vapour, which otherwiſe, upon the appli- 
cation of Fire to them, would make them puff up to ſuch a degree, that 
not being able to bear the Heat neceſſary for the diſtillation, they would ſwell 


| and 


Theory of the ART. | 

and riſe in the Retort in ſuch a manner as to run over into the Receiver, and 
thus confound every thing together, and Peet the hop'd for effects of the 
operation. If a perſon has a mind to diſtill Honey, for inſtance, or Wax, 
for any valuable purpoſes, he will loſe his labour, if he makes uſe of theſe 
for this operation by themſelves: For by a gentle Heat you won't be able to 
bring about the ſeparation of theſe tenacious particles; and if you apply a 
ſtrong one, theſe Subſtances will ſwell and puff up, like a ſponge, and by this 
means, in a liquid form will riſe through the neck of the Retort, altered, in- 


deed, but not ſeparated, according to art: But when by practice the Opera- 


tor has learn'd to mix a proper proportion of Earth with them, then the 
effect of the tenacity of the Particles being prevented by the interpoſition of 
the Earth, they will bear a conſiderable Fire, without any danger of this in- 
convenience, and the flatulent expanſion being thus reſtrained, the ſeparation 
of the parts by the action of the Fire will be equable and regular. Nor is 
this obſerved to be the caſe only in ſuch kind of viſcid Bodies, but it is found 
to hold true, likewiſe, in others. Take, for inſtance, Blood, Eggs, or Urine, 
and by very patiently and cautiouſly diſtilling them, proceed till you have 
drawn off all the volatile parts, and there remains a fixed Subſtance at the bot- 
rom of the Retort: If then you increaſe your Fire to the laſt degree, the whole 
Maſs being now grown tenacious, like pitch, will be wonderfully expanded, 
will cohere together, and in this manner will riſe into the narrow part of the 
neck of the Retort, will fill and ſtop it up, and thus incloſing the Matter, 
which is under it, and which too is equally expanded, has been often the oc- 


caſion of the Veſſel's being burſt in ten thouſand pieces, in a very dangerous, 


and lometimes fatal manner. All this violent effect, now, may be prevented, 
by throwing only a terreſtrial Powder upon the Matter that you are about to 
urge in this manner; and hence the addition of Earth is of vaſt ſervice in the 


production of Phoſphorus from inſpiſſated Urine, by the extreme force of the 


Fire. 11. All that I have hitherto laid down concerning the nature of ele- 
_ mentary Earth, muſt by no means be applied to our common Sand, which 
many perſons very wrongly imagine to be true Earth : For this, if it is very 
pure, upon examination with a microſcope, diſcovers itſelf to be nothing bur 
a heap of ſmall, pellucid, multangular chryſtals, every one of which is of a 


different ſize and figure: Theſe, in conjunction with a fix'd Alcali, will 


_ eaſily run into Glaſs, as has long ago been diſcovered :, Theſe the wile 
Author of Nature has diſpoſed about the World, that the fructifying Water 
might be always able to inſinuate itſelf through the pores of the Earth, which 
would otherwiſe very eaſily unite and coaleſce into one Maſs, and by this 
means in a ſhort time acquire a perfect ſtony hardneſs, to the infinite 
detriment of Mankind. Nor muſt we refer the Boles, or medicated Earths, 
commonly called the ſcaPd Farths, to this natural claſs of elementary 
Earth: For who don't know, that theſe are compound Bodies? That ſome- 
what pinguious predominates in them, the Writers of Natural Hiſtory have 
long ago taken notice; and hence they have called ſome of them, the Axurgia 
of the Earth: In others of them there is ſomewhat of a ſaline aſtringency, 
ſometimes of the aluminous, or vitriolick kind, to which their particular 
virtues are Owing ;z not to mention any more of them. When Water, how- 
ever, and Fire have exerted their utmoſt force upon theſe Boles, then, I con- 
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feſs, they come nearer to true Earth, but then too they loſe at the ſame 
time their medicinal vertues. But leaſt of all, muſt we, in a chemical ſenſe, 


look upon the earth, as it is commonly called, which we tread upon, and 
which furniſhes us with ſupplies both of health and life, as ſuch an Earth as 


we have been deſcribing. For this our Earth evidently contains fat Clays, 


medicated Boles, ſterile Sands, little Stones, Water, Air, Oils, Salts, all the 
Elements of Animals reſolved into their Principles, and all the Principles of 
diſſolved Vegetables, blended, and confounded together. This, therefore, ap- 
pears to be ſo far from a pure Element, that if we would conſider it in a 
proper view, we muſt regard it as a Chaos of all the natural Elements, and 
the Bodies compounded of them. Many things more, Gentlemen, I could 


offer upon this Head, but by the length of my diſcourſe, I am ſenſible I 


have already grown tedious. What things I have delivered, however, I think 
J could not length omit, as they are every where of ſervice, nay, indeed, 
and neceſſary to be rightly underſtood. You'll be ſo good, therefore, to ex- 
cuſe my entering ſo minutely into theſe inquiries, if it was for no other rea- 
ſon than this, that you have by this means had a faithful account, at leaſt, 
if not a compleat one, of thoſe four Elements, by the concurrence of which 
the moſt ancient of the Philoſophers ſuppoſed every kind of Bodies to be 
formed. The particular opinion too of the Alchemiſts, upon theſe ſubjects, 
you have here had likewiſe laid before you. And laſtly, I may almoſt 
venture to doubt, whether you have not here met with ſome things which 
were never publiſhed before. You have ſeen, that what are generally looked 
upon as Elements, are, in reality, mixed with an incredible quantity of various 
Bodies, and by this means are of an exceeding compound nature : That theſe, 


however, when they are artfully ſeparated from every thing elſe, and thus ob- 


tained perfectly pure, and by themſelves, far excel all other Bodies in their 
individual ſimplicity. What is there in Nature more ſimple than pure Fire, 
Air, Water and Earth? And again, in another ſenſe, what is there that is 
more compounded ? I have endeavoured to offer nothing concerning theſe Ele- 
ments that is not ſound, and will bear the teſt ; and therefore always caution'd 
you where I was at a Joſs myſelf, nor have ever been too haſty to come to con- 
cluſions, where the thing was doubtful. What I have interſperſed concerning 
Metals, I formerly did not think to have added; but the diligent attendance 
with which you have honoured me has drawn it from me. 


Of CHEMICAL MENSTRUUMS. 


Having thus, Gentlemen, diſpatched thoſe four Inſtruments both of Nature 
and Art, Fire, Air, Water, and Earth, let us now paſs on to a fifth kind, 


which is look'd upon as almoſt proper to Chemiſtry, and to which the Maſters 


of this Art aſſign the principal place, valuing themſelves particularly upon it, 
and chiefly aſcribing to it the ſurprizing effects of their Art; and this they 
have called a Menſtruum. | 
By this barbarous term, now, they deſigned to expreſs a Body, which be- 
ing applied to another, according to the rules of art, would ſo minutely di- 
vide it, that the Particles of the Solvent ſhould be perfectly intermixed with 
thoſe of the Solvend, or Body to be diſſolved. This definition I chuſe par- 
ticularly for this reaſon, becauſe it accurately diſtinguiſhes the action of a Men- 


ſtruum 
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ftiruum from the other ſolutions of Bodies, which are performed chiefly by 
the mechanical powers: For in theſe caſes, the Solvent recedes from the Sol- 
vend, nor is reciprocally diſſolved by it, but as ſoon as ever the ſolution is 
over, they ſeparate from one another, according to the diſpoſition of their ſpe- 
cific gravities. | | 1 . 
The reaſon of a Solvent's obtaining this name, was this; as the applica- Thereacn 
tion of the Menſtruum to its Solvend was promoted particularly by the help “ the term. 
of a moderate Fire, which was conſtantly kept up for forty days, or a philo- 
ſophical month, hence the Solvent came to be called the Solvent Menſtruum, 
and at laſt by the ſimple name Menſtruum. ORs. | 
From the nature of a Menſtruum, then, it will follow, that this itſelf muſt Property of 
be equally diſſolved by the Solvend, as the Solvend is divided into its parts AE 
by the Menſtruum. And this circumſtance obtains in every kind of ſolution 
whatſoever, that is effected by the help of a Menſtruum, though, at the ſame 
time, it is true, it may happen, that when the Solution is perfectly compleated, 
the Solvent and Solvend may be ſeparated from one another. And, indeed, in 
the Solutions that are performed by the Liquor, Alcaheſt, Van Helmont tells 
us, the Solvent and Solvend are diſtinguiſhed into two different Strata, lying 
upon one another; but ſetting aſide this, this ſeparation is rarely obſerved in 
theſe ſolutions. The proper faculty, therefore, of the Solvent conſiſts in this, 
that it on every ſide applies its own particles to thoſe of the Body to be diſ- 
ſolved. The divided Particles, therefore, of the Solvent muſt inſinuate themſelves 
between thoſe of the Solvend, and ſo interpoſe themſelves between their Sur- | 
faces, and thus divide the Body to be diſſolved. And at the fame time that 8 
this happens, you ſee, likewiſe, that the Menſtruum muſt be ſeparated into its 
minuteſt parts by the divided Particles of the Solvend, as well as that is ſepa- 
rated into its Particles by the Menſtruum. And hence, likewiſe, appears the 
truth of our former aſſertion, that this action of a Menſtruum is abſolutely = 
different from any common mechanical ſeparation ; for in this caſe, the di- . 
viding Body remains whole and intire, both whilſt the diviſion is effecting, and | 191 
when it is compleated. This you ſee evidently in the action of a Knife, Wedge, 
Sword, Ax, Hatchet, Saw, Dagger, Augre, and Hanger; for theſe all, whilſt 
they divide, are not divided, but remain nearly the ſame they were before. 
In the mean time, however, if we examine into this Affair more nicely, there 
will be room to doubt, whether every ſingle Particle of the Menſtruum, ſepa- 
rately conſidered, does not, whilſt it is diſſolving, act in reality, in the ſame 
manner as the Inſtruments juſt mentioned. Certainly, one ſuch diſſolving 
Element will have its proper ſize, figure, hardneſs, and weight, and will act by 
theſe Powers, which ſo far may be called mechanical, At the ſame time too 
it is conſtantly true, that every Menſtruum, whilſt it is diſſolving, and even in 
this reſpect, that it does diſſolve, as it is then divided into Particles that, on 
account of their ſubtility, become inſenſible, muſt for this very reaſon be a 
Fluid, and in the very point of time that the Solution is perfected, the Sol- 
vend too icſelf, as ſuch, muſt likewiſe be diſſolved into a fluid Body. Hence 
therefore, at laſt, it follows, that at the time of ſolution, the Solvent with its 
Solvend will be converted into one Fluid. | 
But here it is neceſſary we take notice, that many Menſtruums, before they Dwifon of 
perform their office of diſſolving Bodies, are themſelves ſolid, hard and denſe; Meruum, 
Ddd 2 | though 
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Elements of CHRIST RV, Part II, 
though indeed ſo long as they continue in this ſolid form, they by no means 
at as ſuch. By uſe, however, it has obtained, that theſe ſhould be called 
Menſtruums. And hence the Chemiſts have always laid down, that ſome Men- 


ſtruums are hard or ſolid; others fluid. And this diviſion may be allowed of, 


if the diſtinction juſt mentioned is firſt properly underſtood. | 
To the hard, dry, and ſolid Menſtruums then may be referr'd the following 
Bodies, which we have reduced into their proper claſſes. 1. The fix ſolid Me- 
tals, Gold, Lead, Silver, Copper, Iron, Tin. Theſe, now, when they are 
cold, hard, and ſolid, have no effect at all upon one another, but when they 


are . in fuſion, may be ſo intimately mixed together, that to the ſenſes the 


Maſs will appear homogeneous, nay, and will have this ſurprizing property, 
that in every ſingle Particle of the compound, there will be found the very fame 
proportion of the different Metals, as there is in the whole Maſs. For if in a 
{trong Fire you melt ten ounces of Silver with one ounce of Gold, and thus form 
a Body of eleven ounces ; then if you give but one grain of this mixture to a 
perſon well ſkill'd in the docimaſtic art, he will return you n of a grain of 
Gold, and £2 of Silver. But another thing here ſtil] more remarkable is this, 
that it is poſſible to divide Gold in this manner as long as ever you pleaſe, 
without any limitation hitherto obſerved; for if with a hundred thoufand 
parts of Silver I thus mix one part of Gold in the Fire, and then examine but 
one {mall Particle of this whole Maſs, according to the rules of the metallur- 
gic art, the event will be exactly the ſame as the former. This ſurprizing 
Phenomenon then evidently demonſtrates the very extraordinary power that Me- 
tals have of dividing one another by the ſole help of fuſion. Conſider, I 
beſeech you, to what an expanſion this ſmall Particle of Gold muſt be diſtend- 
ed in fo great a Maſs, to effect, that there ſhall not be the leaſt Particle of Silver 
aſſignable in the whole, in which there will not be always a proportionable 
part of Gold; which nevertheleſs continues ſtil] immutable among other im- 
mutable Particles, exceeding denſe among other denſe ones, and perfectly fim- 

ple among other ſimple ones. Think of theſe things, Gentlemen, attentively, 
for it is well worth your while, and learn hence how wonderfully the Great 
Creator has formed theſe Metals: Certainly you will diſcover here ſomewhar 
infinitely myſterious, and that ſurpaſſes all human comprehenſion. Upon the 
contemplation, poſſibly, of this property, the Chemiſts have ſo often aſſerted, 
that Metals are opened by Metals alone; that nothing is intimately admitted, 
or enters into Metals, but Metals themſelves ; and that the Mercury of Metals 
is of infinite ſubtilty, and continues always the ſame. 2. Solid ſemi-metals, to 
which may be referr'd Antimony, Cinnabar, Biſmuth, Merchaſite, Zincq. Theſe 
too, like Metals, when they are melted in the Fire, may be mixed together, 
and will divide one another no body can tell how far; and theſe, fikewit, may 
be mixed and blended with Metals with the ſame ſucceſs: Cinnabar, indeed, with 
more difficulty; the reſt eaſy enough. But with this admixture with Metals, 
they conſtantly deſtroy their malleability, and render them ſo brittle, that they 
will ſuffer themſelves to be reduced to powder, though before they were ever 2 

tough: And this again holds true in every the leaſt Particle of the Metal. Here, 
therefore, likewiſe you have a wonderful Phenomenon that deſerves your con- 
ſideration. 3. To dry Menſtruums again mult be referred all perfectly dry 
Salts, Alum, Borax, Nitre, Sal- Ammoniac, Fountain Salt, Sal-Gem, Sea Salr, 
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Vitriols, dry, fixed alcalious Salts, and corroſive Sublimate of Mercury. All 
theſe, now, when they are acted upon by the Fire, or melted, bring about by 
their diſſolving powers, very extraordinary effects, ſcarcely imitable in an 

other manner ; and they ſuffer themſelves, likewiſe, to be very minutely divided 


by the Fire, and by this means may be intimately mixed, not only with one. 


another, but alſo with Metals, Semi-metals, and other Bodies. 4. Among 
| theſe muſt be reckoned all hard, foſſil Sulphurs, quick Sulphur itſelf, common 

Sulphur, Arſenic, Orpiment, and Cobalt. In theſe, likewiſe, when they are 
aſſiſted by the Fire, or melted, and ſo mixed with one another, or other 
Bodies, there is a wonderful diſſolving power, by which they produce ſuch 


effects, as we can ſcarcely accompliſh by any other cauſes. 5. And laſtly, under 


this head I reduce all thoſe kinds of Foſſils, which the Metallurgiſts common- 
ly call Cements ; for theſe conſiſt of Salts, Sulphurs, and Bricks, reduced to 
a dry powder, which is then diſpoſed between plates of Metals, either to 
heighten their colour, or to ſeparate them from one another. 


But among the various Menſtruums, we find ſome, likewiſe, that, after 2. Int am 


ones after ſo- 


they have performed their ſolution, and are left to themſelves, coaleſce into 


one hard Maſs, which to our ſenſes appears ſimple, and every where of one 


uniform nature. And the apparent ſimplicity is here often ſo great, that 
though the Maſs is compounded in this manner of different Subſtances, yet 
ſtill it appears ſimple. To Lead, whilſt it is in fuſion in the Fire, pour 
melted Tin, and they will run and mix together, like Water with Water, or 
Mercury with Mercury; and this will always be the caſe, let the proportion 
of one to the other be what it will. Look at theſe Metals thus melted in 
the Teſt, and you won't diſcover the leaſt ſign of any different Subſtance z and 


if you ſuffer them to grow cold together, they will form one ſolid homogene- 


ous Maſs, that appears ſimple to the ſight, and will afterwards continue fo. 
The ſame holds true in all Metals, and in ſome Semi-metals beforementioned. 
If to a pound of melted Tin, in the Fire, you add a ſcruple of Regulus of 
Antimony, when the Maſs is cold, it will appear homogeneous, and be ſo 
britle through the whole, that take ever ſo ſmall a particle of it you will not find 
the malleability in it that is natural to Tin; but on the contrary, you will al- 
ways find a proportionable part of the Antimony mixed with it. Does not 
a fixed Alcali run, likewiſe, with Sand or Flints into one ſimple Maſs? But 
there are an infinite number of like inſtances, as you yourſelves very well 
know, and therefore theſe we have mentioned are ſufficient. In all theſe 


lution» 


caſes, now, the Particles both of the Solvent and Solvend are ſo minutely 


divided, intermixed, and concreted together, that they form a new Body, 
in which it is not poſſible for any perſon that don't know the compoſition to 
diſcover the concurring Subſtances, except by ſome other contrivance he again 
reſolves the Body into its component parts. Sulphur too and Mercury are 
by rubbing converted into a black, dry powder, and this being ſublimed 


with a ſtrong Fire, produces a Cinnabar, of a beautiful red colour, and to 


all appearance, exceeding ſimple. But in the ſecond place, it is likewiſe ob- 
ſer ved, that a great many ſolvent Fluids perfectly diſſolve ſolid Bodies into 
their ultimate parts, but when the ſolution is completed, unite again in one 
hard, and often dry Maſs. Not to mention again Sulphur and Mercury; if 
we examine almoſt all the Menſtruums of Metals, don't we find, that theſe 
unite 


N —_ * — — — » — — r rr e By 83 _—_ 3 * =. 0 > © 52A 25 A F : 2 — 7 — 4 j 2 8 * — . - — — 
> 5 A i 3 7 > 22 2 Fl 2 Set * — Es — —— — : \ o - 7 x S721 vo re, i Ro 2 * = r * Tv © 4 4 * — — . i" - p r 
0 . 2 . 8 * — Fo 3p ws of FOR wit © eo. - 2 = ig: Ir err 1 n uſt cue 3 2 ; 2 5 LES IO IS 92 . X en n - * — * 3 we _ n rr b 
— n 3 LE Ra ran IE; SALE 44> e r MAB 2 — * 3 Joe's LT 60s e $2. 5 ESTI I * — 22 54 i 5 r 22 = — — — — . ͤ oo * e : = 
— 3 » & ” _ 3 — : e en 22 er E I 2 Hwy 7 * 2 8 een 4 5 18 4 £ * \ . 1 * — — — * —— —7 — 1 4 = a B — — CT”. '-v th — — 5 - 2 2 —— ry 7 8 — 7 we 
— n q * — — _—_ $ MO rows 4 n 8 . oy — TERA. . Ss Rr 4 a * > - — —— — —3 — — —— — Cars , po. 2 WP * * gn re. 1.4 - * < —_—_ — Ei - "SED 
OS — . 2 9 I 4 8 "WE 2 a — yy . oo. T's 8 * — — — —-— — —_— — W — <= — 2 — — — — — 8 9220 LY E 2 Th - r 43 Þ E 9 ＋ B „ —— 2 5 <; — 
—— —— - - — ms — — —— — 7 _ —— — 2 — —— 1 2 —— ir — — * 5 —— - - O 22 "EE BR JF IV? ES Tania OE Ent, IO 2 1 1 MS 0 — © S Tate =: —- LAGER 
- ——  — 7 OE OI INE 6 — — — 2— — 0 — = 3 err Pi. EF 1 ES „ „ 9282 " IK - * 1 8 1 bk . r — ad 3 + wa * 5 PIC” * x es = 3 
_ py - D r — 2 * - IX 24. — uns „ % 3 * * — "_ 3 2 , "I 2 — Vi »- TS : - ** 1 K 
—— —. 5 8 £ 2 : £ FR 5 g f 4 


. ES 
— 2 2 
r 
—_ — 

2 r er 
1 — — 

— = = b 6 

: =, E l 


N 
- 41 


390 Elements of CHEMISTY Rx, Part II. 


unite with their Metals into Vitriolick Maſſes that are conſiderably firm, 
and durable? The very ſtrong Acid of Wine, Vinegar, after it has corroded 
Oyfter-ſhells, Stones, or Chalk, ſeparates from its aqueous part, and with theſe 
diffolved Subſtances hardens into a dry Maſs. TT 
2. Fluids be- But a geat many, and perhaps the greateſt number of Menſtruums, do really 
tore ſolution exiſt in a liquid form, before they perform the office of ſolution 3 of which 
ſort, indeed, are almoſt all what the Chemiſts uſually call Menſtruums. Vinegars, 
Water, fermented Spirits, faline, acid Spirits, alcaline and compound, al- 
calious Oils, as the, are called, per Deliquium, and many other Liquids, are 
referred hither : And as all theſe appear in a fluid form, the action of 
them is much more evident, and eaſy to be underſtood 3; and that the more 
fo, becauſe they are continually in uſe in the Elaboratories of the Chemiſts, 
+. Fluizafn And laſt of all, there are ſome Menſtruums, or Solvents, which before ſo- 
er ſolution. Jytion are liquid, and when that is completed, ſtiſt continue together with their 
diſſolved Body, in the ſame form. This no where appears more evident, 
than in the Solution of the five Metals by ſimple Mercury ; for when theſe 
are throughly mix'd together, according to art, there ariſes hence a ſoft 
Paſte, which, by the affuſion of more Mercury, you may dilute at pleaſure, 
without any limitation: But ſcarcely any body has ever been able to render 
this Subſtance hard by the chemical contrivances that are vulgarly known. 
Whoever can make himſelf Maſter of this ſecret, will be a good, and perhaps 
a rich Operator; but whoever attempts it, will find in it plague enough. 
But again, any acid Liquids, when they have diſſolved their proper Metals, 
if they are mixed with. them in a large quantity, will, together with their 
Solvends, continue moiſt, nor will afterwards be dried very eaſily. Hence a 
great many perſons have looked upon theſe diſſolved Bodies, with their Sol- 
vents, as fixed, metalline Oils, and idly expected from them wonderful ſecrets ; 
whereas in reality theſe are nothing more than a large quantity of acid Salts, 
collected about Metals. There are beſides vaſt numbers of other Menſtruums, 
which with the Bodies diffolved ſtill continue in a liquid form, ſo that we 
need not detain you any longer upon this head. 2 
The acton From the conſideration, now, of the ſeveral kinds of Menſtruums juſt men- 
of Alenſru- tioned, we eaſily perceive, that many of them unite Bodies together, as well 
as ſeparate them into their minuteſt parts. For it is a common obſervation, 
that when the Particles of ſome Menſtruums have by their proper action 
diſſolved their Solvends, they then ſo unite themſelves to the Particles of the 
Body diſſolved, that by this concretion they become together formed into a 
new compound Body, oftentimes very different in nature from the ſimple, 
diſſolved one. And here it is likewiſe certainly true, that the Particles of 
the Solvent do not any longer continue 1a mutual contact, but are ſeparated 
from one another, by means of the Particles of the diffolved Body that are 
now interpoſed between them: And again, that the Particles which before, 
by their union, compoſed the Solvend, are now kept too at a diſtance from 
each other, by the interpoſition of the Particles of the Solvent. From this divi- 
ſion, ſeparation, and concretion, therefore, of heterogeneous Particles thus 
brought about by the help of Menſtruums, there ariſes a vaſt variety of new Bodies. 
But this now becomes particularly remarkable, when only ſome of the Par- 
ticles of the Solvent and Solvend are united together into one Maſs, whilſt, 
| | al 
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at the ſame time, others are not admitted to this new concretion, but appear 
in a different form, 


Hence, therefore, it evidently follows, that the Particles of the Menſtruum 
apply themſelves to thoſe of the Body to be diſſolved, and become chiefly 


united with them, at the very inſtant of time that the ſolution is effecting. Here, 


therefore, ſome certain cauſe is neceſſary to occaſion the Particles of the Menſtruum's 
receding from one another, and applying themſelves rather to thoſe of the Solvend, 
than remaining 1n the ſituation they were in before. And when the Particles of 
the Body diſſolved are by the power of the Menſtruum ſeparated from one another, 
is there not a ſimilar cauſe requiſite, that theſe Particles ſhould continue united 
with thoſe of the Menſtruum, and not rather, that after the ſolution is compleated, 


the Particles of both of them ſhould, by an affinity of nature, collect themſelves 


into homogeneous Bodies? This, Gentlemen, I would defire you to take 
particular notice of; for it highly deſerves your obſervation. . 
But again, pleaſe to conſider, that this cauſe, be it what it will, muſt for 
the very ſame reaſon be ſought for in the Solvent, as in the Solvend : And 
hence it will be common and reciprocal in both. For when Gold is diffolved 
in three times its weight of Aqua Regia into a yellow Liquor, the Particles 
of Gold remain ſo united with thoſe of the Agua Regia, that, though thoſe 
of the former are eighteen times heavier than the latter, yet they keep ſuſpend- 
ed in this Fluid, nor fink to the bottom. Is it not plain, therefore, that 
between every Particle of the Gold and Aqua Regia there is ſome reciprocal 
vertue, by which they attract, and come into a cloſe union with one another? 
If this was not the caſe, the Particles of the diſſolved Gold would certainly 
ſubſide to the bottom; the ſaline parts in a different Stratum would lie next 
above them; whilſt the Water would ſwim ſeparately and diſtinctly at top; 
whereas, on the contrary, we ſee that all theſe three, though ſo very different 
in their natures, appear in the form of one ſimple, uniform Liquor. 

If we may be allowed, therefore, to reaſon from analogy, the action of diſ- 
ſolving, fo far as we are hitherto acquainted with it, feems rather to be per- 


formed by a certain power, by which the Particles of the Menſtruum endea- on. 


vour to aſſociate to themſelves thoſe of the Body to be diſſolved, than by one 
which makes them fly from, or repel one another. Here, therefore, we are 
not to conceive of any mechanical actions, violent propulſions, or natural 
diſagreement, but there ſeems, on the contrary, to be a ſociable attraction 
and tendency towards an intimate union. This I confeſs, indeed, appears a 
paradox : But conſider, if you pleaſe, what you yourſelves have obſerved in 
any violent ſolution; certainly, the agitation, noiſe, and confuſion continue 
no longer than till all the Particles of the Solvent have united themſelves 
with all thofe of the Solvend, and the very moment that this is compleated, 
there appears among them but an intire and perfect reſt. As an inſtance of this, 
pleaſe to take notice of this Veſſel, which contains ſome diluted Spirit of Nitre. 
The Liquor, you perceive, at preſent does not diſcover the leaſt ſign of mo- 
tion. In this now I immerge this piece of Iron, and what a multitude of 
Bubbles are by this means produced ſpreading themſelves even to the brims 
of this large Veſſel? What a violent agitation, ebullition, noiſe, and almoſt 
fiery Smoak ! But how long do all theſe laſt? Certainly no longer than whilſt 
there are ſtill left ſome ſaline Particles of the Nitre, which are not come 
into eontact with thoſe of the Iron, for as ſoon as ever this adunation is 155 
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tally and perfectly completed, then the whole mixture is immediately quiet, 
and all the Acid becomes ſo cloſely united with the Iron, that it can ſcarce- 
ly afterwards be ſeparated from it. 
I: performes Nor muſt we here neglect to take notice, that the whole Solvent never acts 
always fuc- at once upon the whole Body of the Solvend; for this, as I know of, has been 
ces de never known to happen: But on the contrary, the Particles of the Solvent a ct 
only upon thoſe of the Solvend, which they firſt come into contact with, and 
having diſſolved theſe, and ſeparated them from the whole Maſs, then other 
freſh Particles of the Menſtruum apply themſelves to thoſe of the Solvend that 
ſittill cohere together, and ſo proceed, till the ſolution is quite completed. 
32 Part of the Menſtruum, therefore, acts upon that part of the Body which 
it actually diſſolves and ſeparates from it. But whilſt this ſeparation happens 
among theſe parts, from the conflict that ariſes between them, there neceſſa. 
rily follows an agitation through the whole, by which means the other Parti- 
cles of the Menſtruum which were at a diſtance are put in motion, and thus in 
their turn are brought more eæſily to the remaining part of the Body that 
is not diſſolved. | 
And incraa- But as the agitation thus excited proves an efficacious cauſe in theſe ſoluti- 
ed by Fi®* ons, ſo there is another that promotes them likewiſe, and that is Fire. What 
the conſequence would be, ſhould this be totally abſent, it is not poſſible for 
any mortal to determine, as it has formerly appeared, that it is impoſſible 
intirely to exclude it from any part of ſpace. This, however, in the 
mean time, we are abſolutely certain of, that if Fire is applied to a Menſtruum, 
it excites, ſupports, and increaſes the vigour of its action. And on the other 
hand, when the Fire that is every where diſtributed, in extreme Cold becomes 
leſs efficacious, we find that theſe ſolutions will not be effected, or at leaſt 


will proceed more ſlowly, though they will immediately be promoted again if 
this is augmented. | a 


Various in But here again ſome Menſtruums ſtand in need of a great degree of Heat, 
rarious 80. to make them capable of diſſolving Bodies, as appears evidently in the ſolution 
of Metals by Mercury; whilſt others require a very gentle one, as we ſee Sal- 
Ammoniac, Sal- Gem, and Salt of Tartar, diſſolve in Water very quickly. Some 
again diſſolve by the aſſiſtance of a moderate Heat, whereas if it is much 
increaſed, they loſe this vertue, nay, and acquire a contrary power of coa- 
gulation; witneſs Water, which, when it is warm, will diſſolve the White of 

an Egg, but when it boils, will coagulate it after it is diſſolved. 
How does But if we examine more nicely into the manner in which Fire thus aſſiſts 
Da Menſiruums, we eaſily conceive, that it muſt do this, in the firſt place, as it 
uts in motion, impells, and agitates their ultimate Particles. Some farther 
efficacy, likewiſe, in this caſe, muſt be aſcrib'd to its dilating the dimenſions 
of all kind of Bodies. And laſtly, as it often divides and carries off the Par- 
ticles of Bodies, and thus diſſolves many itſelf, it by this means unites its power 
with that of the Menſtruum, and fo operates jointly with it. In all theſe re- 
ſpects, therefore, Hear promotes the proper action of Menſtruums, and makes 
them proceec more ſucceſsfully, and hence, as a concurring cauſe, becomes 
neceſſary to them, And, indeed, in moſt caſes, in the very act of ſolution, 
chough, at firſt, perhaps, it is flow, the Heat ſucceſſively increaſes, whilſt 
the fojution is effefting, which then always goes on more efficaciouſly, and 
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hence is commonly pretty evidently obſerved to have its activity more and 
more augmented, as the Body is diſſolving. Nay, and the action of thoſe 
Menſtruums too is likewiſe increaſed by Heat, which whilſt they are diſſolving, 
produce an intenſe degree of Cold: This you have taken notice of in the ſolu- 
tion of Sal. Ammoniac in Water, which, if the Water is warmed, will be diſſolv- 
ed ſooner in it than if it is cold. 1 de 

The changes, therefore, that are obſerved to be produced in Bodies by the The -A 
diſſolving action of Menſtruums, ſeem chiefly to depend upon the very cloſe of Aa. 
union that ariſes between the ultimate Particles of the Menſtruum, and thoſe 
of the Body diſſolved, and not to any real alteration induced by the Menſtru- 
um upon theſe ſeparated Particles themſelves. I am ſenſible, ſome Authors 
of the firſt rank in the Chemical Art are of a different opinion; but the thing 
itſelf, I think, favours this doctrine. For if we conſider the moſt perfect Me- 
tals, Gold, Silver, and Mercury, when they are thoroughly corroded by their 
ſolvent Acids into a pure Liquor, how mightily altered do they appear in all 
their parts? and yet if they are again accurately ſeparated from their Sol- 
vents, which may be eaſily effected, you may procure from them again the 
very ſame metallic Particles they were combined with, which being melted 
together, will give you the true Metal, without the leaſt alteration. Hence, 
then, it evidently appears, that the Menſtruum did no ways affect the intimate 
nature of the Particles of the Metal, but only ſeparated them aſunder, and 
then adhered, to their external Surfaces, * This, likewiſe, when it is diſſolved 
by Vinegar, or other Salts, may be again regenerated from them, without any 
alteration. But again, if you mix Metals with one another ever ſo intimately, 
in the Fire, and in whatever proportion you will, they will return again in the 
Cupel, perfectly pure and ſimple. I formerly diſtilled Gold and Silver with 
Mercury above fifty times, and yet when the Mercury was again ſeparated from 
them, there conſtantly remained the very ſame Gold or Silver that there was in 
the Amalgama. Diſſolve Salts, in what quantity you pleaſe, in Water, and 
a proper inſpiſſation you may procure them again, without any alteration, 
It by melting Salts together, you mix them ever ſo intimately over the Fire, 
by diluting them afterwards in Water, and inſpiſſating them according to art, 
they will be found again perfectly the ſame as before. And farther, if you 
diſſolve Salts in Oil, when they are recovered again they will be very nearly 
the ſame, Nay, even fixed Alcali's, when, with Earth that will vitrify, they 
are converted into Glaſs, may, even in this circumſtance, by a chemical manage- 
ment, be reſolved into their former Principals. Sulphurs diſſolved with Salts, or 
united with Metals, confirm the ſame thing; as well as Alcohol mixed with Oils, 

Reſins, and other Subſtances. Theſe inſtances, then, are ſufficient to evince, 
that the action of Menſtruums is really the ſame as we have aſcribed to them. 

To this you will in all probability reply, that by means of theſe ſolutions, ye, wx, 
performed by Menſtruums alone, there are very often produced new Bodies, aer the 
which were never obſerved before. This, you'll ſay, is the caſe of Sugar of mens. 
Lead, made by boiling a Calx of Lead with the ſtrongeſt diſtilled Vinegar ; 
for this will conſiſt of the Acid of the Vinegar attracted into the Elements of 
the Lead, and yet if you diſtill this Salt of Lead in a very ſtrong Fire, it 
will not yield back again a Spirit of Vinegar, but a particular Liquor that 
is inflammable. To this I anſwer: This obſervation is really juſt, and there 

| EL may 


* This I don't underſtand, and forgot to mention to our Author, Shou'dn't it be, Lead likewiſe, Oc. 
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may be brought many inſtances of the like nature; but then, at the ſame time, 
we mult carefully conſider, that the Particles of the Menſtruum, when they once 
ſtrongly adhere to the Surfaces of the diſſolved Corpuſcles, are not always again 
very eaſily ſeparated from them, but are often ſo cloſely united, that they are 
capable of being moved about with them, ang; continue a long white in this 
union. And hence it comes to paſs, that the Operator frequently imagines, 
that the nature of the Body is deſtroyed, when, in reality, the new appear. 
ance. ariſes only from this ſimple conjunction of their Particles, which continue 
ill perfectly the ſame. This is eaſily conceived of by an example. If one 
has a very ſharp. Lancet, by itſelf, its power of dividing appears evident to 
every body. If this is after wards put into a Caſe, it perfectly loſes, ſo long as 
it remains there, its power of hurting, though it ſtill continues in all reſpects 
the ſame as it was before. Examine this Lancet again bare, and it immediate- 
ly diſcovers its former nature. Hence, therefore, you ſee, the more eaſily 
the ſheath comes off, the ſooner will the Lancet recover its firſt appearance; 
and if it was almoſt inſeparably faſten'd to it, every body would be ready to 
aſſert, that the Lancet was alter'd. But let us conſider again a little 
Cylinder of choice Silver, gilt over thick with Gold, and immerſed in pure 
Agua Fortis: In this caſe all che Silver will be intirely diſſolved by this Men- 
firuum, and there will remain in the Aqua Fortis a hollow Caſe of Gold, of 
2 a difagreeable, black colour, and perfectly intire. In the inſtance mentioned, 
therefore, it may happen, that the acid Particles of the Vinegar may be united 
with the' Particles of the Lead, in ſuch a manner, that they will not be fepa- 
rated by diſtillation, but will rather riſe along with them. And hence any 
perſon would be deceived, who ſhould imagine, that the Acid, by its union 
with the Lead, was converted into a new kind of inflammable Liquor. 
And, indeed, it ſeems exceeding probable, that this alteration that is here ob- 
ſerved ariſes much more frequently from ſuch an adunation, than from any 
ehange in the real Subſtance, And in ſeparation, the ſame thing muſt be ſup- 
poſed to hold good; for it very often happens, that the Body to be diſſolved 
conſiſts of very different parts, ſome of which will be intirely diſſolved by the 
Menſtruum made uſe of, whilſt others will not be affected by it, but will be 
divided from the former, and appear ſeparately by themſelves. If afterwards 
therefore the Menſtruum is drawn from that part which it had diſſolved, the 
matter that remains will be very different from what was made uſe of for the 
ſolution: And hence an unwary perſon would be ready to infer, that this Body, 
which he would look upon as a new one, was produced by the tranſmuting 
vertue of the Menſtruum; whereas it had in reality effected nothing more than 
a mere ſeparation of its parts. | PO Hoo Ho nf 
Ahr From all now that has been hitherto delivered upon this head, it evidently 
follows, that all known Menſtruums, whilſt they perform their office, act ſolely 
by motion, notwithſtanding, the Chemiſts have ſuppoſed their action to be ſo 
abſtruſe and myſterious ; for if a Menſtruum did not put in motion the parts 
upon which it acted, then thoſe parts would remain the very ſame they were 
before; which is contrary to the ſuppoſition. 2 | 
Bat one that In the mean time, however, though this is undeniably true, yet it is not ſo 
2 particular Eaſy to comprehend the phyſical cauſe, by which this motion is excited in the 
cul, Adenſtruum. For ſo long as the Menfiruum is alone, it remains perfectly at reſt ; 
i 2 nor 
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mor is the Solvend in motion tilt it begins to be moved by the Manſtruum; and 
yet as ſoon as ever they are brought to ane another, within a certain diſtance, 
and in a determin'd degree of Heat, there ariſes a new, and frequently a very 
great motion, which was in neither of them before, but is now in both of 
them. Upon a careful confideration, now, of this matter, we cannot ſafely 
attribute this effect to any of the common origins of motion. In Propulſion, 
Gravitation, Elaſticity, — or any other general cauſe, if there is any 
other, we ſhall in vain ſeek for the Principal of this Agitation; for this is pe- 
culiar to the Solvent and Solvend, and not common to Bodies in general. Each 
of theſe, however, deſerve a particular and accurate Examination; as a per- 
ſon who is thoroughly acquainted with the powers of Menſtruums, will under- 
ſtand the principal part of the Chemical Art, and be capable of performing its 
moſt beautiful Operations And, indeed, whilſt we are upon this head, this 
taſk is abſolutely neceſſary, on account of the authority of ſame very great 
Men, who are of opinion, that the actions of all Bodies whatſoever may, and 
ought to be explain'd ſolely by mechanical Laws. Let us therefore examine 
the matter fairly, and ſee what will be the iſſue. ʒͤ | 
Firſt, then, I ſay, that whenever any ſolvent Menſtruum diſſolves its Solvend ue, c- 
by what the Mathematicians call a pure mechanical motion, then the Particles. ct rarey. 
of that Solvent muſt be agitated by ſome cauſe, which, though they were at dur a Sov 
reſt before, will put them in motion; and this cauſe, for the moſt part, is Fire. icely exa- 
The Particles, then, of the Menſtruum, being thus moved by this cauſe, muſt wine. 
itrike upon the Corpuſcles of the Solvend, which as yet cohere together, 
muſt impreſs their motion upon them, and by this means abrade and ſeparate 
them from the ſolid Body, and that, either by exerting this effect upon the 
external Surface of the whole Body, or by inſinuating themſelves within its 
pores, and acting there, likewiſe, in the ſame manner. This, now, I am of 
opinion, every body will agree can be in this caſe the only mechanical manner 
ot acting; which, as I will allow to have ſome effect, ſo, at the ſame time, 
Lihink it neceſſary to caution you, that it is a great deal leſs than perſans ge- 
nerally imagine. Fluid Bodies, indeed, ſurround, preſs, and penetrate the 
Subſtances that are immerſed in them 3 but then they afterwards make very 
little alteration in them, by their bulk, hardneſs, figure, and weight. I con- 
feſs, indeed, that, by a motion communicated to them by the grand mover 
Fire, they are carried againſt the extreme Surfaces of the Solvends; but how 
little eficacious muſt this power be, which acts equally both upon the Fluid, 
and upon the hard Body, and therefore cannot exert an applying and impreſſing. 
force upon it: Theſe, certainly, muſt be ſought for ſomewhere elſe. Can you 
imagine, that a mechanical Inftrument, a Wedge, for inſtance, ſuppoſe it ever 
ſo perfect, could ever divide a piece of Wood, only by being placed cloſe to it, 
or by ſwimming gently about it? Certainly, there is here ſomething more ne- 
ceſſary: It muſt firſt be fixed faſt into the Body to be divided, and then, 
by an external force, it muſt be ſtruck and driven forwards, and that without 
its being able to lip out whilſt it is thus in motion. Try, now, if you can 
find all theſe requiſites in particles quietly diſpoſed, and freely ſwimming about 
in a ſoft Fluid, and wanting intirely a propelling power. But we'll ſuppoſe, 
for once, both the parts of the Solvent, and thoſe of the Solvend, to be divid- 
ed by a mere mechanical force, and that they are now juſt ſwimming among 
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one another; then, certainly, if there was not at the ſame time ſome other power 
likewiſe, the very moment they are thus ſeparated, and become fluid, they would 
diſpoſe themſelves according to their ſpecific Gravities, that is to ſay, the heavieſt 
would fink to the bottom, and ſo the reſt, in order, wou'd ſettle in diſtin&- 

ſtrata, nor would the heavy continue mixed with the light, nor the Solvent 

with the Body diſſolved. When Metals, Stones, or other hard Bodies are 

worn away by the fall of Water from on high, or by the force of a rapid 
fiream, you know very well, that the Water then acts only by a mechanical 

er, and is able indeed in this manner to divide the very hardeft Bodies into. 

their ſmalleſt Particles; but then the impalpable Powder thus produced does 

not mix with the Water, or is united with it, but ſinks, and is collected at the 
bottom; and though it is agitated very frequently, yet as ſoon as ever it comes 

to be at reſt again, it preſently ſubſides. And the ſame thing you have obſerv- 

ed, likewiſe, in the ſolution of Bodies conſiſting of terreſtrial and oily parts, 
in boiling Water; for as ſoon as ever the heat of the Water has melted the 

Oil, it preſently aſcends and ſwims at top, whilſt the earthy part falls to the 
bottom. Theſe ſolutions, therefore, may fo far be looked upon as mechanical], 
© - In this manner act, likewiſe, the Currents of Rivers, rapid Winds, the Sounds 
of great Cannon, and Thunder; and here always, as ſoon as ever the ſepa- 
ration is made, and the concuſſion is over, the Solvent and Solvend recede from 
one another, as their gravities variouſly determine them. And thus in the 
| fuſing of Semi-metalline Glebes, Antimony, for inſtance, with Saks and Me- 
tals, the whole Maſs, whilſt you urge it with a violent Fire, appears in the 
Crucible to be intimately mixed together; and yet when you remove it from 
the action of the Fire, pour it into a melting Cone, and ſuffer it to ſtand quiet, 
the Scorie ſoon riſe to the top, and form themſelves into a Cruſt, whiltt the 
pure metalline part by its weight ſubſides to the bottom. But a repulſive 
force alſo is ſometimes a caufe, that Bodies, which are mixed together, ſepa- 
rate again from one another. This we ſee evidently in a very ſtrong, alcalious 
Lixivium and Alcohol, and in Oil and Water; where not only their gravity, 

but this repulſion, likewiſe, makes thoſe parts, that are of the ſame nature, 
collect themſelves together. Metals too ſometimes do the ſame, when they are 
in fuſion; as appears very remarkably in Mr. Homberg's method of . purifying 

Silver. We are perſuaded, therefore, that thoſe Menſtruums alone act purely 

. by a mechanical power, which after they have by a mechanical motion ariſing 
—_ = from their ſize, hardneſs, figure, weight, and impulſe, divided Bodies into 
| their ſmall Particles, recede from theſe Particles, either upwards or down- 
wards, according to the determination of their ſpecific gravities, nor after- 
wards produce any conſiderable alteration by ſuch diviſion. By this mark, 

then, I think, one may be able to determine whether the action of any given 
Menſtruum is properly mechanical ; and ſuch a Solution, if any ſuch is obſerved, 

may by this means be eaſily diſtinguiſh'd from all others. | 

What Solu- | ee therefore, we ſee any ſolution performed by means of a Menſtru- 
Dune, #m, where the Particles of the Solvend, after they are ſeparated from one another, 
cohere with thoſe of the Menſtruum, and remain equably intermixed with them, 

though there is a conſiderable difference in their comparative gravities, we then 
ought to conclude, that this Solution was effected partly by a univerſal, me- 
chanical power, which almoſt always concurs, but chiefly by. ſame other cauſe 
| ariſing 
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ariſing from the particular relative diſpoſition of the Solvent and Solvend to 
one another, by which power we ſuppoſe the Elements of one attract thoſe of 
the other fram their former concrete, and being combined together after the Solu- 
tion is compleat, compoſe numberleſs new Species of Bodies. 
| Give me leave to explain this whole affair by one Example. If a Ball of ſoft An inftance 
Clay is thrown into Water, and this is ſet over the Fire, and made to boil ; an mts 
then the Particles of Water, being put in motion by the action of the Fire, tion. 
will divide the Ball of Clay into its leaſt Corpuſcles, which will be intermix- 
ed through the whole Water ſo long as it is kept boiling; but as ſoon as ever 
the impelling force of the Fire ceaſes to act, and the Water is ſuffered to be 
at reſt, and cool, then all the Clay ſoon ſubſides to the bottom. This, then, 
I ſhould chuſe to call a mere mechanical Solution, becauſe the Particles of Wa- 
ter impell thoſe of the Clay, by the motion they receive from the Fire, and 
when they are deprived of this, they continue to act no longer. 

On the other hand, if a Ball of Sal- Gem, whoſe ſpecific gravity is greater An example 
than that of Water, is put into 4 times its weight of boiling Water, the heat ems 
of the Water will preſently diſſolve it ; but then, too, when the Solution is mechanical. 
compleated, and the Water ſuffered to ſtand quiet and grow cold, all Sn 
the Salt, though it is heavier, will ſtill continue diſtributed through the whole 
bulk of Water. Hence therefore it evidently appears, that there is ſome qua- 
lity in the Water, by which it unites itſelf with the Elements of the Salt in 
ſuch a manner, that they are not capable of diſengaging themſelves by their 
weight, but are forced to remain ſuſpended. Here, then, you will no doubt 
begin to ſuſpect, that there are fewer Menſtruums that perform their office, 
by a pure mechanical] power, than perſons generally imagine. In this manner, 
indeed, Water diſſolves Ice, Water Water, Alcohol Alcohol, and other ſuch 
Liquids one another. But there is obſerved, likewiſe, a great deal of difference 
in the coheſion of different Menſtruums with the Elements of the Body diſſolv- 
ed; ſome of them cohering much more firmly than others: And hence the 
Corpulcles that are produced by Menſtruums become very various; for among 
theſe, ſome are found to be ſo immutable, that they refuſe to be reſolved: again 
into. the ſimples from which they were compounded ;. whilſt others very eaſily 
part again, and become what they were before the Solution. But of theſe there 
is no End. | 

According to the diſt inctions, therefore, thus laid down, I could venture al- Dion of 
moſt to diſtribute all the Menſtruums I am acquainted with into four diſtinct n ie 
Claſſes, To the firſt of theſe I wou'd reduce all thoſe which act only by a. ſim- manner of 
ple mechanical power; which, therefore, may be explained, and underſtood ins 
by thoſe mechanical principles which conſider the powers that are common to 
all known Bodies in general. Of theſe, now, there are but few, and thoſe ge- 
nerally very ſimple. The ſecond Claſs ſhould. contain thoſe Menſtnuums, which, 
though they do in ſome meaſure act by a mechanical impulſe, yet, at the ſame 
time, perform their office chiefly by a power of. repulſion. To the third ſhould. 
be referred thoſe which act principally by a mutual attraction between the Par- 
ticles of the Solvent and the Solvend ; which very frequently occur, and are 
vaſtly numerous. Whilſt the fourth and laſt ſhould comprehend all thoſe which 
operate by the concurrence of all the former together : And this will be much. 
the greateſt of all; as in almoſt all the actions of Menſtruums a e re- 

pulſiye, 
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pulſi ve, and artractive power are united together. If it was poſſible, now, to accom- 
pliſh, that Menſtfuums ſhould be reduced into order, according to the difference of 
their manner of acting, and then be diſtributed into inferiour claſſes, then the doc- 
trine of Chemiſtry might be brought to the certainty of a Science; and conſequently, 
it might always be foretold, what would happen ina particular Operation; and thus 
chemical experiments might be made vaſty uſeful to the other branches of Natural 
Philoſophy. F NS 15 
An example Of each of theſe ſolutions, now, I'll give you an ocular proof, that you may 
of a purely be the better prepared to underſtand what follows. For an Example, then, of 
M:nfirum. a mere mehanical one, beſides thoſe mentioned above, let us take the ſeparation 
of melted Silver into little Particles, when it is poured into cold Water. This 
the Metallurgiſts call Granulation, and it is performed in the following man- 
ner. I take an ounce of the beſt Silver, ind put it into a ſtrong, clean Cru- 
cible, and cover it fo clofe with a clean Tile, that nothing from without can 
fall into it. I then heat the Crucible gradually, till it is almoſt red hot, and 
then put it into a ſtrong Fire, which is kept blowing till the Silver is melted 
and runs like Water. The Silver then being thus thoroughly fus'd, holding it 
up pretty high, I pour it, as you ſee, a little at a time, into the cold Wa- 
ter, that is at leaſt a foot deep in this Veſſel; - and at the ſame time you 
hear the Particles of the melted Silver paſſing through the Water, with a 
gentle, hiſſing noiſe, and perceive, that as ſoon as ever it comes to the 
Water, it flies aſunder into little Grains, and in this form ſinks to the bottom, 
both the Water and the Silver continuing exactly the ſame they were before. 
In this example, then, you ſee, that the Silver, when it comes melted from the 
Fire, and is thrown into cold Water, both divides the Water, and is divided 
by it, and that when the diviſion is over, they recede unaltered from one 
another, and diſpoſe themſelves according to their reſpective gravities. If 
you have a mind to. perform this operation yourſelves, all the circumſtances 
that I have mentioned muſt be carefully attended to, otherwiſe the Experi- 
ment will not ſucceed, as you have here obſerved it. The ſame may be per- 
formed with Gold. ps CE . 
An example If Copper, now, had been melted in the ſame manner, and then dropped 
of a repelling into cold Water, as ſoon as ever it came to the Surface of the Water, it would 
ed have been repelled with an incredible impetus, and the whole ſubſtance of the 
Copper would have been ſo minutely divided, that ſcarce two Particles of the 
Metal would have remained united together. By this inſtance, then, it appears, 
that there are Menſtruums, as in this caſe Water, which, by means of a repel- 
ling force, very ſurprizingly diſſolve other Bodies, as we ſee here in melted 
Copper. And the event had been the ſame, if Gold or Silver had been mixed 
with the Copper, for if the mixture had been thus melted and thrown into Wa- 
ter, it would have flown about in the ſame manner. But here let me caution you 
not to venture too raſhly to make this Experiment, which can't eaſily be per- 
formed without great danger to the Operator. 
An example In the third place, now, I'll give you an example, where different Subſtances 
38 being brought into contact, divide one another, and then unite pretty ſtrongly 
together. Into this earthen pan, then, which is not glaz'd, I have put four 
ounces of Flowers of Sulphur, and covered it carefully with a Tile, that when 
the Sulphur is melred, it may not take Fire. This, now, I ſet upon ſuch a 
Fire, as is juſt ſufficient to melt it, and to keep it in that condition, and no 
| 4 more. 
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more. In this Bag, which is made of very thick Cloth, and is very clean, I 
have put fix ounces of the pureſt Mercury, and tied the back very faſt at top; 
and the Mercury, you perceive, does not paſs through the Bag, except it is 
compreſs*d. I now take off the Tile, and ſqueeze the Mercury very gently 
into the melted Sulphur, ſo that it falls into it gradually, in very ſmall 
drops, and a very little at a time, and all the while this is doing, the Sulphur 
is kept conſtantly ſtirring with a warm ſpatula, which is continu'd till all the 
Mercury is perfectly mixed with the Sulphur. You perceive, now, there re- 
mains but one Maſs, which is black, drawn out as it were into ſtrings, and 
very brittle, and which, if it is examined with a microſcope, glitters, and 
diſcovers ſome appearance of Mercury. Here, then, you have an inſtance of a 
fluid Menſiruum, indeed, but a dry one, and a hard, dry, ſolvend Body, 
which, when they come to have their ſmalleſt Particles in contact with one 
another, attract and retain one another ſo ſtrongly, that upon the application 
of Fire 'to them afterwards, they do not quit their hold, but riſe united to- 


gether,- and are converted into a Cinnabar. The principles, now, that are here 


conjoined, how different were they, as to their origin, weight, kind, and vo- 
latility, and how diſtant from a combination with one another? And yet 
when they are brought thus cloſe together, how tenaciouſly do they cohere to- 


gether ? What now were the cauſes that brought about this adunation? Why, 
firſt, the Fire, which melted the Sulphur into its diſtin& elements. Secondly, 


the diviſion of the Mercury whilſt it was made to paſs through the Bag, as 
through a very fine ſieve, by a very ſmall quantity at a time. Thirdly, the 


continual agitation of the melted Sulphur, and the Mercury that fell into it, 
by which means they were accurately mixed together. But all theſe, now, 


did nothing more than barely apply the Sulphur to the Mercury; and there- 
fore, fourthly, there is ſome other power in the Sulphur and Mercury, by 
which, when they thus touch one another in ſuch a . vaſt number of Surfaces, 
they attract each other into ſo ſtrong a coheſion, that they require ſome great 
force, or ſome other power attracting one of them more ſtrongly, to ſepa- 
rate them from one another. And this reciprocal attraction acts here as the 


principal cauſe, And hence, fifthly, ariſes this conſtant combination, as the 
ultimate effect, which is fo great, that if you ſublime this compoſition in a 


cloſe Veſſel, it will not be divided into Mercury and Sulphur, but they 
will both aſcend at once in very ſmall particles of Cinnabar, in every one 
of which they are both always found to be united together. Nay, though 
after you have once performed this operation, you repeat it again in the 
fame manner, you will not, even then, be able to ſeparate them aſunder, but 


on the contrary, will force them by this means into a more intimate union. 
It's true, indeed, that the Cinnabar, after it is once made, will not riſe ſo 


eaſily as it did the firſt time, but will, upon every freſh attempt, grow ſtill 
more and more fixed in the Fire, *till it at laſt becomes of an exceeding fixed 


nature; but even in that caſe, the volatile, mercurial part will not divide 
from it, but will remain ſo entangled in the Sulphur, that it will not be able 


to diſengage itſelf, though it is at laſt expoſed to an exceeding ſtrong Fire. 


It is no wonder, therefore, that ſome novices in the art ſhould, upon the ſight 


of this Experiment, be led to imagine, that they could in this manner produce 
even Metals themſelves, by the adunation of theſe two Principles, atk rhe and 
| N ercur y. 
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Mercury, thus effected by the Fire, of which the Adepts unanimouſly agree, 
that Metals are compounded. They found, however, upon better examination, 
that they had only laboured in vain, - the Sulphur in every operation ſtil] re- 


maining Sulphur, and the Mercury under a proper management, - ſtill return- 


ing true Mercury; but as he ſays in Sendivogius, never wiſer. The truth of 
this appears evident, by making uſe only of a very dry Menſtruum, that will 
attract the Sulphur more ſtrongly than the Mercury does. Take, for inſtance, 
12 ounces of Cinnabar that by Sublimation is rendered exceeding fixed, re- 
duce it into Powder in an iron Mortar, and then add to it the fame quantity of 
Filings of ſoft native Iron, not Steel, which too muſt be freſh filed, not ruſty ; 


Tub theſe then accurately together for a conſiderable time, and then, as before, 


ſublime them in a Cucurbit with a ſtrong Fire: And what then will be the 


"conſequence? Why the Mercury, to the quantity of fix ounces, will riſe pure, 


and fall in its original form, into the Water in the Receiver, and at the bot- 
tom of the Retort, there will remain a fixed Maſs compoſed of Sulphur and 


Iron; for Iron being thus expoſed to the Fire, moſt greedily unites itſelf with 
the Sulphur as its Menſtruum, and repells the Mercury from its coheſion with 


it, which then flies off ſeparately, and laughs at the too credulous Alchemiſt. 
The ſame thing may be effected by uſing a fixed alcaline Salt, inſtead of Iron; 
for as ſoon as ever the Salt comes to be melted by the Fire, it diſſolves the Sul- 
phur, unites itſelf intimately with it, and by this means diſlodges the Mercu- 
ry. Quick Lime too, will do the ſame. Another inftance of a merely at- 
tracting Menſtruum, we have in the following Experiment. Take 2 drachms 
of Flowers of Sulphur, add to them in a glaſs Mortar 3 drachms of Mercury, 
and with a glaſs Peſtil rub them together, the longer the better; and by this 
means, the Mercury will gradually diſappear, and become united with the 


Sulphur, and when they are intimately mixed together, they will produce a 


very black Powder, which was continually changing its appearance during the 
rubbing : And the blackneſs of this Powder will be ſo much the greater, as 
they are longer rubbed, and more cloſely united together. Hence, if you con- 
tinue rubbing it a good while, it will at laſt become exceeding black and ver 
fine, and if it is left to itſelf, in a ſhort time it naturally hardens into a black 
Maſs. This Subſtance, now, very intimately contains a Jatent Mercury, and 
fixes and retains it, in ſuch a manner, that if it is taken by Animals in great 
quantities, it does not act with the efficacy of Mercury, which cannot be re- 
covered from it again, except by the contrivances abovementioned: This may 
be ſublimed too into a very red Cinnabar. This ſome of the avaritious Al- 
chemiſts obſerved likewiſe, and rejoiced over their black Powder. They ima- 
gined it to be the head of the Crow, which the Adepts had told them appears 
in the beginning of the grand Operation, when the Principles, Sulphur, and 
Mercury, are properly united together. Thus again, you have an inſtance of 
a dry fluid Menſtruum, and a ſolvent Body, divided only by a ſimple mecha- 
nical Attrition, and then by the power of Attraction remaining cloſely con- 
Joined with one another. _ Fn 


An inſtance J have here now ſome very good common Antimony reduced to Powder. 
tn This I put into this-clean Crucible, which I cover cloſe with a Tile, and when 


pelling Men- it is gradually heated, ſer it upon this Fire that on every fide ſurrounds it. 


You lee now, the Antimony begins to fume a little, and whilſt I keep it on the 
* | Fire 
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Fire till it melts, and runs like Water, it emits a great quantity of a whitifh 
Smoke. The Crucible I then take off of the Fire, and let it ſtand quiet till 
it is perfectly cold. If you examine, now, the ſurface of the Antimony, which 
is now condenſed by the Cold, it looks rough, unequal, and full of holes, 
I'll now break the Crucible; and you ſee the Maſs of Antimony towards the 
lower part is ſolid, and ſhines with a metalline caſt, whilſt at top it is ſpongy, 
whitiſh, and yellowiſh, intermix'd with a lead Colour. Here, therefore, you 


ſee that the Fire, by melting the Antimony, has reſolved it into its metalline, 
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and ſulphureous parts: That hence, theſe being ſet at liberty, have aſſociated 


themſelves together, the metalline with the metalline, and the ſulphureous 


with the ſulphureous, whilſt the metalline parts have driven from them the 


ſulphureous ones, and theſe have done the ſame by the metalline. And here, 
whilſt this Solution was brought about by the Fire, Fuſion, Attraction, Re- 
pry and Gravity, all joined their concurring efficacy to produce this effect. 
f you imagine that this Experiment don't ſo properly belong to the nature 
of Menſtruums, this at leaſt you will allow me, that, by the help of it, we 
come to the knowledge of many things which actually happen in their ope- 
ration. | | | ; 

But that I may ſtill exhibit to you ſome farther inſtances of the action of 
Menſiruums, and thus lead you to a proper conception of thoſe which a& by the 
concurrence of different cauſes, I here again take an ounce of Salt of Tartar, 
and half an ounce of Flowers of Sulphur, rubb'd very briſkly in hot mortars, 
in a hotdry Air, and ſtill continuing very hot, and put them into a Crucible 
upon the Fire, and cover them. You perceive, now, how ſoon they are both 
melted together, tho? the fix'd Salt melts with ſo much difficulty when it is 
by itſelf. This diſſolved Matter, now, I pour out of the Crucible upon a 
clean Stone, and you ſee we have a homogeneous Maſs, than which nothing 


Of dry ones 


melts more eaſily in the Air, eſpecially, if it is reduced to Powder; for as 


you perceive, it immediately runs into a very red Oil. Hence then you learn, 
what a very ſtrong adunation there is brought about between this dry Men- 
ſtruum, and the dry Body of the Sulphur, which is ſo incapable of ever be- 
ing diſſolv'd by Water, and yet now by the efficacy of the Menſiruum, melts 
ſooner than any thing with the Water of the Air, which it ſeems to attract into 
it with a vaſt deal of greedineſs. But pleaſe to take notice of the following 
Experiment, which is more extraordinary, and what one would leſs expect. 
I have here four ounces of the choiceſt Antimony levigated to a very fine 
Powder, and rubb'd with 2 ounces of hot dry Salt of Tartar, in a hot dry 
Air, and with a hot Peſtil and Mortar. This Mixture, now, I put into a Cru- 
cible, and melt with a very ſtrong Fire *cill it is perfectly fluid, and then pour 
it into a melting Cone. And now it is cold, I ſtrike it out, and you fee it is 
become one homogeneous Maſs, very equably diſſolved through the whole 
Body, which flowed in the Fire juſt like Water. Ir is farther, as you obſerve, 
of an aſh Colour, and it in ſome meaſure reſembles Glaſs, is of a cauſtic taſte, 
diſſolves in the Air, and then changes its Colour to a bright red: Here then 
the fixed Alcali, the Sulphur of the Antimony, and its metalline part, are ve- 
ry minutely divided by the action of the Fire, and united into one kind of Bo- 
dy, which does not happen in theſe "= often, But give me leave to add one 
more Example to the ſame purpoſe, 172 here an ounce of the pureſt Sil- 

F ver, 
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ver, and three ounces of the beſt Copper. Theſe I put into a Crucible, and 
melt in this Coal Fire, and now they are perfectly fuſed, pour them out into 
this little iron Mould, where we have a homogeneous Maſs of Metal ver 
equably mixed together, and ſcarcely ſeparable again, except by the help of 
Lead in the Cupel. In this Operation, now, one Metal is the Menſtruum of 
the other, as ſoon as ever they come to be both melted. And then it is plain, 
the Particles of each of them unite rather with thoſe of the other Metal, than 
they do with one another, as betwixt all the Particles of the Silver, there is an 
equal diſtribution of Copper, and as notwithſtanding their different Gravities, 
they don't ſeparate from one another. Nor can this ariſe only from the action 
of the Fire, which may melt them indeed, and blend them together, but can 
never poſſibly mix them together in ſuch an equal proportion. This operati- 
on, too, farther teaches us, that the mercurial part of the Silver unites itſelf 
ſo ſtrongly with that of the Copper, that it will not afterwards part with ir ; 
for otherwiſe, the melted Silver would ſink to the bottom of the Crucible, 
and the melted Copper ſwim at top of it, and after they came to be at reſt, 
they would ſeparate into two diſtin&t Strata, as we ſee Oil of Tartar per deli- 
quium, and Alcohol, when they are mixed and ſhook together in a Veſſel, 
1oon return into two perfectly diftin& Bodies, which by no Art whatever can 
be mixed together. And here, which particularly deſerves our conſideration, 
both when they are in fuſion in the Fire, and afterwards concreted in the Cold, 
they continue throughout mixed exactly in the ſame proportion. Theſe Ex- 
amples, then, Gentlemen, are ſufficient to give you a notion of the various 
manners in which dry Menſtruums act upon one another. 


The cauſes If you pleaſe, then, carefully to examine the inſtances we have given, and 
of Solution conſider maturely what we have ſaid, you will have an idea of the Solution of 


concurring 
in Men- 
firuums , 


Firſt Fire. 


Bodies by Menſtruums, very different from that which the Chemiſts and Phi- 
loſophers commonly have, who by the true Principles of things, have endea- 
voured to explain chemical Operations. For they have always imagined here ſome 
mechanical Acrimony, corroding by a univerſal mechanical Power; and when 
they have obſerved that a Menſtruum that corroded one Body, would not often 
corrode one that was ſofter, they have racked their Brains a thouſand different 
ways, to reconcile theſe contrary appearances. We, inveſtigating Nature by the 
help of Experiments alone, proceed in the following manner. 5 

Upon the moſt careful examination, then, into the concurring cauſes of So- 
lution in Menſtruums, Fire firſt offers itſelf to our Obſervation, And this, if 
we conſider it in all the various degrees which Experience has diſcovered 
to us, will be found to be almoſt a univerſal Solvent, inaſmuch as it diſſolves 
almoſt all Bodies, if it is applied to them in a proper ſtrength. For if we 
proceed gradually from the warmth of a Man in health, to the utmoſt vio- 
lence of T/chirnhauſen's Focus, and make Experiments upon different kinds of 
Bodies through the whole compaſs, we ſhall ſcarcely find any that will not 
melt, or be divided into their leaſt Particles, by one degree of Heat or another. 
For it ſome of them grow hard, as Bricks, in a certain degree of Heat, yet in a 
greater they will melt and vitrify, as is evident in the Furnaces made uſe of for 
tuſing Metals. And tho' ſome few, indeed, will not be melted at all in the 
molt intenſe Heat that we are at preſent acquainted with; who knows, if this 
was {till farther increaſed, but theſe at laſt would diſſolve likewiſe. We muſt 
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by all means acknowledge, therefore, that the power of Fire muſt always be 
very ſtrictly attended to in the proper action of Menſtruums. Without the aſ- 
fiſtance of this Element, certainly, the mercurial parts of Metals could never 
be ſo ſur prizingly united into one Maſs. 

In the ſecond place, in order to underſtand the action of any Menſtruum, Next Attris 
we muſt conſider likewiſe, whether there did not concur a ſtrong and conti- ©” 
nued mechanical attrition z for this may often ſupply the place of Fire, and 
effect in ſome meaſure what Fire would have done, had that been preſent. 

For whilſt Attrition attenuates, and divides Bodies, and reduces them into / 
very minute particles, it gives them an opportunity of acting upon one ano- 
ther by theſe very ſmall corpuſcles, and thus mightily favours a very intimate 
Mixture. This appeared evident in the Grinding-Mill of Monſ. Langelbt, 
Which is ſaid to have ground Gold into a potable Liquor ; concerning which, 
the celebrated Author, who has wrote a Treatiſe upon this ſubject, deſerves to 
be conſulted, And among the Obſervations of Mr. Homberg, we are told, that 
all Metals, Gold itſelf not excepted, have, by being rubb'd for a long time 
with pure Rain-water, been converted into a Liquid. 5 

In the third place, it is farther to be obſerved, that when the Bodies to be A fepanation 

diſſol ved have been melted into their ultimate Particles by the Fire, or been prime 


2 a 5 ; : f happens by 
minutely divided by the Attrition juſt explained, or, in particular, have un- means of a 


dergone the whole energy of them both together; then, if their Particles thus Rune. 
ſeparated are intimately mixed together, it often happens, that a repulſive by theſerwa, 
force, which was latent before, diſcovers itſelf openly to our Obſervation ; 
which is amongſt the greateſt ſecrets of the Chemiſts. An inſtance will beſt 
explain what J mean. Melt ſome very pure Lead in an iron Ladle, and add 
to it three times its weight of choice Mercury, and mix them together, and you 
will have a Compoſition, or Amalgama, of a bright Colour, like that of the 
pores Silver, Keep this by you for years, and it will remain exactly the 
ame, without any alteration. If. you afterwards rub it in a glaſs Mortar with 
a glaſs Peſtil, or in a wooden Bowl with a wooden Peſtil, you'll find to your 
ſurprize, that the whole Maſs will grow perfectly black; and if you then put 
Water upon it, and continue to rub it, and then pour off the Water, which 
will be black and turbid, there will again be a pure Amalgama left behind. 
This now will keep its appearance as before, and remain pure for a long 
time; and yet if you repeat the former Operation, it will again become black; 
nor will you, as I have learnt by Experience, be able to come at the end of 
your work ſo eaſily as ſome Authors promiſe you. Here then we ſee evident- 
ly, that the Mercury thus mixed with the Lead, does not at firſt repel this 
black Matter, either from the Lead or itſelf ; but when by this mechanical 
Attrition, theattenuation, mixture, and application of the different Particles, 
become greater, and more intimate, there then ariſes ſuch a power in the Mer- 
cury and Lead upon one another, that the intimate mercurial parts of both 
come into the cloſeſt union, and by this means repel from them, or as the 
old Alchemiſts called ir, Tpues out the heterogeneous matter, which could not be 
ſeparated from them by any other method, without a vaſt deal of difficulty, _ 
If this Amalgama now is diſtilled and cohobated with Mercury a great number 
of times, the action of the Fire will have the ſame effect, as the rubbing had 
before, and produce the ſame * * capable again of being * 
F 2 | an 
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and ſeparated by Water. Here again, then, evidently ariſes a repelling power, 
by the efficacy of which, this ſeparation is obtained very eaſily. Whether this 
now can be effected in any other manner, I know not. Silence here is beſt : 
| A word to the wiſe is ſufficient. 3 | TW 128 4c 
or by At- In the fourth place let me obſerve, that both the Particles of the Solvent, and 
triton. the Solvend, when they are melted, or agitated by the Fire, attenuated by At- 
trition, and mixed together, often diſcover an attractive Power which before 
lay concealed, and by which they are then aſſociated together in a ſurprizing, 
and frequently. a very efficacious manner, whence afterwards ariſe great varie. 
ty of new Bodies, which never appeared before, and which can ſcarcely be 
produced by any other means. The Operation juſt mentioned, with the Amal- 
gama, may ſerve here too for an Example: For in this there is effected, by 
this attractive Power, a wonderful Adunation of the mercurial Particles of 
the Metals, which diſcovers itſelf to the Operator, after the repelling force has 
ſeparated the heterogeneous Matter, which prevented the homogeneous Parti- 
cles coming into a perfect union. This, therefore, being expelled in the man- 
ner explained, and the remaining part in both being perfectly depurated, the 
mercurial parts become intimately united together, and produce ſomething one 
would not expect. | | | Z 
Hence the In the fifth place, if a Menſtruum, after it has diſſolved a Body, let the 
ITT manner in which it effects this be what it will, Ifay, if this Menſtruum, after 
the Solution is over, can be totally ſeparated from the diſſolved Matter, ſo 
that they may both again exiſt diſtinctly, then the Body diſſolved appears by 
itſelf in a new form, and is for the moſt part converted into a Calx, or into 
ſome other kind of new Body. 


Hence folia From the whole, then, we ſee, that almoſt all Menſtruums, whether ſolid 
14 Flad Or fluid, at the very time when they are in action, are reduced to the nature 
of Fluids, Attrition, perhaps, alone excepted, which often, without any aſ- 
ſiſtance, renders Bodies fit for Solution: But even in this caſe, that the Solu- 


tion may be compleat, the Attenuation muſt be ſo ſubtil, that the Bodies rubb'd, 
put on almoſt the form of Fluids. 

Fl now, then, give you an Example, in which all theſe cauſes, Fire, Attri- 
tion, a repelling force, an attracting one, and a mechanical one, act together 
in dry Menſtruums, and all their effects, viz. Attemyation, Concretion, Tranſ- 
mutation, and Separation, are produced at the ſame time; and in this Experi- 

ment 1 ſhall proceed in ſuch a manner, that it may ſerve you as a pattern 
for any of the like nature. I have here, then, 16 ounces of common Anti- 
mony purified only by fuſion, and then being ſuffered to ſettle as I ſhewed 
you before, which I have taken care ſhould be pounded and rubbed in an iron 
Mortar, till it is reduced to a very fine Powder. This Powder, now, you 
know conſiſts of a common Sulphur, intimately intermixed with another part 
which is called the metalline, or mercurial part of the Antimony, tho' there 
does not appear in it the leaſt ſign of theſe two different ſubſtances, even tho? 
you examine it with a Microſcope. I take then of the pureſt ſtony concretions 
of Rheniſh Wine, commonly called Tartar, 12 ounces, reduced likewiſe to a 
ſubtil white Powder; and of very pure Nitre 6 ounces, which, now it is 
finely powdered, you fee is as white as Snow. All theſe Powders, then, 
I dry as thoroughly as poſſible, then mix them, and take care they are for a 
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Deary of the ART. 
conſiderable time rubbed well together in an iron Mortar, that by this means 
they may be intimately intermixed with one another. The compound Powder 
then weighing 34 ounces, I ſet by for farther uſe. I now again take 6 ounces 
of Tartar, and 3 of Nitre, reduced ſeparately 'as before into a fine dr 
Powder, and accurately mix them together, and from the acid Tartar, and 
ſalt Nitre, have a very ſubtil dry Powder, which ſtil] impreſſes upon the 
Tongue an acid taſte. Now then - pleaſe to obſerve. Into this Ladle, which 
I have placed on an open Fire where there is no Smoke, and which is now al- 
moſt red hot, I throw in a little of this Powder of Tartar and Nitre, and 
you ſee the very moment that it falls into it, it puffs up, boils, throws out 
ſmall ſparks, burſts into a Flame, and leaves a white Maſs, here and there a 
little greeniſh, which is perfectly fixed and alcaline. On this then, I throw a 
little more of the Powder, and the ſame Phenomena happen over again; and 
thus I proceed till all the Powder is uſed. Here then we ſee, that when the 
acid vegetable Salt, and the ſaline terreſtrial Salt come to be expoſed to the 
Fire, they fume, ſparkle, burn, and are fixed into an acrid Alcali; and that 
all this is performed, almoſt, in a ſingle point of time. But by an Experi- 
ment, that I ſhewed you before, I made it appear, that if a fixed alcaline Salt 
is rubb*d with Sulphur till they are intimately mix*d, they will flame inſtantly 
in the Fire, and the Sulphur being totally diſſolv'd, will be converted into a 
new Body. Hence, then, you readily perceive, that if Tartar, Nitre, and 
Sulphur, mix'd in a ſmall quantity, are thus thrown into a Veſſel heated red 
hot, there will immediately be produced a fixed Alcali, which the Sulphur will 
inſtantly lay hold of, diſſolve, and convert into a Maſs of a peculiar nature. 
Having a right notion of this, therefore, let us now ſee what will become of 
our Powder of Antimony, Tartar, and Nitre, when that likewiſe is expoſed 
to the Fire. To this purpoſe, I have placed a ſtrong Crucible in the Fire, 
which was firſt gradually heated, that it might bear the ſudden application of a 
ſtrong Fire without cracking; and I have choſen one that will at leaſt hold. 
three times the quantity of the Powder to be thrown in. The Crucible, then, 
I thus cover with a Tile to keep the Dirt out, and increaſe the Fire gradually, 
till it is all over red hot. In the mean time too, I take care to have the 
Powder of Antimony, Tartar, and Nitre, made pretty hot, but cautiouſly, 
that it don't take fire. I now, then, take off the Tile, and with an iron 
Ladle throw in about two drachms at once of this heated Powder ; and the 
very moment it comes to the bottom of the Crucible it burſts into flames, 
ſmokes, ſparkles, flames, grows red hot, and. lies quiet. I then proceed 
again to fling in the ſame quantity, which you ſee has the like effect, and ſo- 
continue to the end, covering the Crucible every time, till the Ebullition is 
perfectly over. The whole Powder, then, being thus thrown in and deflagra- 
ted, I make the Fire ſo ſtrong, that all the matter in the Crucible may be 
melted, and flow like Water; and after that by putting in a Tobacco-pipe,. 
I have found this to be the caſe, I keep it ſome time in this degree of 
Heat. In the mean time, I have by me a conical braſs Veſſel, which 1 
make very hot, and then rub over on the inſide with a piece of Tallow Can- 
dle, ſo that the whole Surface may be covered with this pinguious Matter. 
And this I have found by Experience to be ſafer, than making ule of Oil; 
| becauſe if there happens to be ever ſo little Water in it, it may produce a "oil 
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Elements of: GHU, A, Part II. 
rible effeck. The Matrer ther ſtill continuing perfectly fluid, and the Cruci- 
ble red hot, I take it out with a pair of Tongs, the Claws of which are ſuited 
to the figure of the Crucible, that there may be no danger of its ſlipping, 
anti gently pour the melted Powder into the Cone, upon which you ſee, a 
Flame inſtantly burſts out like Lightning. This proceeds from the Tallow 


with which the inſide was ſmeer'd over, which now takes fire, and by its 


Flame prevents the melted ſubſtance's concreting with the Veſſel. I now let it 
ſtand till it is cold, and then turning up the Cone, and ſtriking it, the whole 
Maſs is diſcharged, as you ſee, into this Bowl, and is now divided into two 


Parts that are perfectly diſtinct: The upper part of which, or that towards the 


Baſe of the Cone, is of a dark brown colour, weighs 14 ounces, and is what 
the Workmen call the Scorig + Theſe are brittle, of a cauſtic taſte, and brown 
colour, melt in the Air, and then become red, and conſiſt of a fix'd alcaline 
Salt produc'd from the melted Tartar and Nitre, and the Sulphur of the An- 
timony, reduced by the Fire with that Alcali into one Body; which after- | 
wards being fuſed with an intenſe Heat, was repelled by the other metalline 
part of the Antimony, and roſe to the top, whilſt that at the ſame time by 
its weight ſubſided to the bottom. This too you ſee here likewiſe, which is 
of a white bright colour like Silver, is very ponderous, and on its upper or 
broader part, has the figure of a Star: And, indeed, it would be of a true 
metalline Nature, were it not for its brittleneſs, which makes it readily fly 
aſunder, and renders it capable of being powdered. In this one Experiment, 
then, you have had a ſpecimen of every thing that I have been explaining to 
you in the action of dry ſolid Menſtruums. For in the firſt place, by a me- 
chanical Attrition, all the three Subſtances were reduced into exceeding ſmall 
Particles, and hence were rendered capable of being .intimately mixed together. 
In the next place, the Fire melted, moved, and blended them all three with 
one another. Then, thirdly, the Salt of Tartar, and the Sulphur of the An- 
timony deflagrating together, in an inſtant produced a fixed Alcali, which im- 
mediately laid hold of the Sulphur of the Antimony, and, by an attracting 
force, acting reciprocally between them whilſt they were thus intimately 
mixed together, this fixed Alcali and the melted Sulphur were united into one 


Body, which was {till in a ſtate of fuſion. In the fourth place, from the 


ſame Operation, there aroſe likewiſe a repelling power between the metallic 
Reguline part of the Antimony, and the alcaline Salt, which never ſuffer 
themſelves to be united in the Fire, but repel one another, and diſpoſe them- 
ſelves into diftinct Strata, according to their reſpective Gravities. Hence, 
then, we ſee plainly, the reaſon why the metalline heavier part ſunk to the bot- 
tom of the Cone, whilſt the alcaline ſulphureous one roſe to the top, and thus 


gave riſe to two new Bodies, viz. the alcaline fulphureous Scorie, and a ſtarry 


Regulus of Antimony. A mere mechanical Power, an attractive one, and a 


repulſive one, therefore, were the cauſe, in this Experiment, of the Solution 


and Separation. The mechanical Attrition, by reducing the Bodies into very 
{mall Particles, and thus vaſtly increaſing their Surfaces, was the occa- 
ſion of their having their points of contact greatly increaſed, The Fire pro- 
ceeded farther to agitate them, and mix them together, excited, augmented, 
and continued their attractive and repulſive Power, diſſolved the whole Maſs, 
and all the parts of it, ſet fire to the Salt of Tartar, Sulphur and Miet, 
| 2 i an 
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and thus very much increaſed the ſtrength of the Fire itſelf. The Tartar and 
Nitre, after the Deflagration was over, produced a true fixed alcaline Subſtance, 
the Nitre yielding a moſt acrid Alcali. This Alcali abſorbed all the remaining Sul- 
phur, and diſcharged the metalline part of the Antimony from it, which it had 
no effect upon. And laſtly, the whole Maſs help'd to increaſe the force of 
the firſt,” whence aroſe a more rapid motion and concuſſion, and at the ſame 
time, a Smoke, and Soot, by which means 16 ounces and 2 drachms of the ori- 
ginal 34, were diſſipated and loſt, the Regulus weighing only 3 ounces and 6 
drachms, and the Scoriæ, as I mentioned before, 14. If you have a mind, 
now, Gentlemen, to perform this Operation yourſelves, you muſt be ſure to 
do it with a great deal of caution, if you would expect it to ſucceed. For in 
the firſt place, if your Crucible is not ſufficiently large, the Matter will boil 
up in melting, and run over the edges. If the Matter is not reduced to an 
exceeding fine Powder, it will crackle and fly about. If the Powder is not 
thoroughly hot, when it is thrown in, it will chill the Crucible, and ſplit it. 
If you don't wait till the detonation of that you have thrown in, is intirely 
over, and the whole. is grown perfectly red, nay, and is fluxed too, before- 
you proceed, then the part that is not melted, will collect itſelf into a ſolid 
Cruſt upon the Surface, and will confine that which is underneath at the bot- 
tom of the Crucible, which being reſolved in the mean time into an Alcali, 
Nitre, and Sulphur, will have the vertues of a true Pulvis Fulminans, and will 
in a little time be diſcharged with a moſt prodigious noiſe, and daſh all to pie- 
ces 3 the danger of which can only be avoided by the cautions abovementioned. 
But again, if the whole Matter is not kept melted, and flowing like Water for 
ſome time in the Crucible before you pour it out, the pure Regulus will never 
be rightly ſeparated from the Scoric. If you don't make the Cone pretty hot, 
there will be danger of its ſplitting, when the melted Matter comes into it. 
If you don't rub it over with Tallow, the Matter often concretes with it, nor 
will ſuffer itſelf to be ſeparated afterwards, If there happens to be the leaſt: 
drop of Water in the Cone, the Operation will prove exceeding dangerous; 
the Matter all fly ing about with a vaſt force and noiſe. If you don't pour 
the Matter in whilſt it continues perfectly fluid, neither the Regulus, nor the 
Scoriæ, will diſpoſe themſelves in their proper place: So many cautions are ne- 
ceſſary to this one Operation. : | 
Theſe things, therefore, being premiſed, we may now examine a little more How far the 
nicely the actions of Menſtruums, both ſolid and fluid, upon their Solvends, ſo anf > : 
far as they may be underſtood and explained in a pure mechanical manner: are merely. 5 
And for the ſake of that valuable ſet of Men the Mathematicians, it will be mechanical. 
worth while to endeavour to ſet this Matter once in a proper Light. | 
And that we may do this moſt effectually, pleaſe to conſider in the firſt The hardeſt 
place, that in all Nature, there is not any one Body that falls under the cog- aeg 


| a f | 8 diſſolved me- 
nizance of our ſenſes, whoſe parts cohere ſo tenaciouſly, or rigidly together, chanically, 


that they may not be ſeparated from one another by a mere mechanical force, 
without the concurrence of any other cauſe. As an inſtance of this, let us take 
a Diamond, which has been called by this name, on account of its exceſſive 
hardneſs, which was deſcribed by the Ancients as being inſuperable, and yer 
we ſee is forced to ſubmit to the Saw of the Lapidaries, who can accurately 
too ſplit it afunder, and at pleaſure grind and poliſh it into various 8 
| | | | 15 | un 
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But to this purpoſe you know, the Workmen make uſe of nothing but pure 
mechanical Inſtruments, and a motion of the ſame nature. 
But again, in, this ſimple mechanical diviſion of Bodies, the moſt fluid, 
and conſequently. to our ſenſes, the ſofteſt, is capable of wearing away, and 
diſſolving, the very hardeſt we are acquainted with. Drops of Water fal- 
ling from on high, hollow the moſt rigid Stones, wear away Metals, and in 


| ſhort, diminiſh every thing they fall upon. The force indeed of ſingle 


drops, appears to us as it were, nothing at all, and yet, when it comes 
to be conſtantly repeated, it produces very conſiderable effects. The 
ſofteſt Leather, by a continual Attrition, will poliſh the hardeſt Stones, Me- 
tals, and even Glaſs itſelf. The Surface of a wooden Wheel will conſume 
any Body whatever, applied to it as it runs round, into inviſible Particles, 
Hence, therefore, we may fairly conclude, that by a continued repetition of 
their action, the ſofteſt Bodies are capable of reſolving the moſt rigid into 
ſuch minute particles, as don't fall any longer under the notice of our 
Senſes. | 


Whole £1. It will help us now to conceive more eaſily of this ſurprizing Phenomenon, if 


ex 


hard. 


ments are we ſuppoſe, with ſome Authors, that the inviſible ultimate Particles of all 
Menſtruums whatſoever, ought to be looked upon as hard, and almoſt immu- 


table, altho the Body they compoſe ſeems exceeding ſoft to our Senſes, on 
account of their receding very readily from their contact with one another. 
And this Opinion, indeed, by an induction of particulars, ſeems to be very 
much confirmed. The Elements of Fire overcome the hardneſs of all Bodies 
whatever; and yet they are prodigious ſmall, and let their action be ever ſo vio- 
lent, never appear to be in the leaſt altered. No- body has ever obſerved the 
leaſt change induced upon a Particle of Air, tho* this Element often brings 
about ſuch various and powerful changes in other Bodies, Water, than which 
nothing is ſofter, whilſt in a ſtate of Fluidity, conſiſts of Particles ſo immenſly 


hard, that let them be compreſs'd by ever ſo great weight, or power, they 


have never been found to be altered. And the fame, in the ultimate Particles 
of Earth, has appeared abundantly evident. The moſt ſubtil Spirits of Alco- 
hol, how ſoft do they appear to the Organs of our Senſes ; and yet who, after 


a hundred Diſtillations, Digeſtions, and Compoſitions, has ever di covered the 


leaſt ſign of any alteration in their Elements. And as for the Spirits of Salts, 


as they are called, which are chemically drawn from them, and are ſo exceed- 
Ing acrid, if we examine them, what an incredible immuiability do we find in 


them, and conſequently, as one may fairly infer, what an extreme hardneſs; 
tho* the Philoſophers imagine them to be ſharp like Needles, and hence eaſily 
mutable. That indefatigable Gentleman, however, Monſieur Homberg, having 
digeſted them for years with a conſtant Fire, and in cloſe Veſſels, has found 
them at laſt the very ſame without any alteration. Du Hamel. ] Hiſt. de P Ac. 
Roy. p. 497, 498. That mild acid Vinegar alone, after four years, was 
changed into ſomething of a different nature. 


Henee Flaile There might other Arguments be produced to the ſame purpoſe, but what 


diſſolve the 
hardeft Bo- 


has been offered ſufficiently demonſtrates, that the ultimate Elements of the 


die mecha- ſofteſt Fluids, if they are conſidered ſeparately, are very durable, and therefore 


very hard. And as this is very evident, ſo likewiſe we clearly learn hence, that 


the ultimate Particles of Menſtruums, if they are ſtrongly preſſed, and 47 
5 again 
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againſt the Corpuſcles that compoſe the Solvend, may produce ſuch an attri- 
tion as is capable, if ſufficiently repeated, of wearing away, and dividing the 
greateſt and hardeſt Bodies into their minute Particles; as we ſee in the hollow- 
ing of Stones by drops of Water. | . 
And this happens particularly when the conſtant action of a ſtrong Fire py Fre, 
produces ſuch a perpetual colliſion, and attrition againſt theſe Surfaces. In 
every ſolution, however, thus ſuppoſed to be mechanically performed by the 
Particles of Menſtruums, there is this conſiderable objection, that the Elements 


of the Menſtruum being driven againſt the ſurface of the Solvend, would eaſily 


recoil again, and hence could not produce any remarkable effect. 
And this, indeed, is in ſome meaſure true, but then their own proper Gra- And Gravis 
vity, and the vaſt preſſure of the Atmoſphere, taken notice of in our Hiſtory * 
of Air, will apply them very powerfully to one another. At the ſame time, 
however, it is very evident, that where Menſtruums act only by a ſimple, me- 
chanical power, without any other concurring cauſe, they in reality effect but 
very little: And on the other hand, we know as certainly, that a ſtrong ex- 
ternal application of a Fluid to a Solid vaſtly increaſes its diflolving power, 
though all other circumſtances continue the ſame. The Bones of an old Ox 
will boil a great while in an open Veſſel, without any conſiderable alteration 
and yet if they are boiled in Boyle's or Papin's Digeſter, they grow ſoft, and 
diſſolve in a ſhort time, tho? here there is only this difference, that in the laſt 
caſe the particles, of Water are prodigiouſly compreſs'd againſt the Bones, 
and agitated upon them with a violent attrition. | 

Thus, then, we intelligibly enough conceive of the firſt mechanical manner Attritionup 
in which ſome Menſtruums act, viz. by wearing away Bodies by attrition ede = 
upon their external ſurface, But when the Particles of the Solvent do not 
only thus ſeparate the external Corpuſcles of the Solvend, but act likewiſe up- 
on the internal parts, and thus diſſolve their whole Body; then theſe particles 
ſeem to infinuate themſelves into the Pores of thoſe Bodies, and there effe&t 
the very ſame thing upon the internal Surface that forms thoſe cavities, as we 
made it appear they did before upon the external. There is one conſiderable 
difficulty, however, in this affair, and that is, rightly to comprehend the man- 


ner in which the Solvent thus enters into the Pores of the Body to be diſſolved. 


This, I confeſs, is not fo clear as a body could wiſh ; becauſe we have but a 
very few Experiments, where there is nothing but a pure mechanical action, 


and for this reaſon we are obliged to call in to our aſſiſtance ſome of thoſe, 


where there is a concurrence of a mechanical, and ſome other cauſes to- 
gether. | | | | 5 | 

In the firſt place, then, there muſt be ſome proportion betwixt the Pores of The frftcir: 
the Body to be diſſolved, and the particles of the Menſtruum by which the cumin 
ſolution is to be performed: For it theſe Pores are large enough to admit“ 
the Menſtruum into them in a liquid form, then the caſe will be the ſame as 
we juſt now mentioned; if they are too ſmall, then the internal parts will 
ſcarcely be diſſolved. And hence it comes to paſs, that when the particles of a 
ſimple Menſtruum collect themſelves by a mutual aſſociation into ſomewhat larger 
Corpulcles, they do not then fo readily diſſolve the Bodies expoſed to them, as 
being ſcarcely able in this form to penetrate into them ; though afterwards, 
if they are diluted with Water, and thus have their particles removed from 8 
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tact with one another, they may then be able to enter into theſe Pores from 
which they were before excluded. This you ſee in · the W experiment. 
In this Urinal I have an ounce of the beſt Oil of Vitriol, of my own preparing, 
depurated by diſtillation from all its Fæces, and by ebullition, from all 
its Water. This Liquor is ſo pure, that in very cold weather it congeals into 
ſolid, chryſtalline Glebes, and melts again with the warmth of a thaw. This 
Oil of Vitriol I have heated to the degree of boiling Water, by keeping the 
Urinal ſome time in Water that was boiling. Into this Oil, now, I throw 5 
drachms of hot Filings of Iron, and mix them together by ſhaking the Glaſs; 
and you obſerve what a prodigious rarefaction is inſtantly produced without any 
Fumes or Ebullition, the matter, indeed, which is of a grey colour, appearing, 
puffed up, but continuing at reſt. But pleaſe to take notice of this ſecond 
Experiment, I have in this other Urinal 1 ounce of the ſame hot Oil of 
Vitriol, to which I now add three ounces of Water, heated likewiſe, that they 
may be mixed without danger of breaking the Glaſs, which would happen, if 
the Oil and Water were put together cold; for then the ſudden heat produced 
would make the Glaſs burſt aſunder, Into theſe 4 ounces of Liquor I 
throw 5 drachms of Filings of Iron; and there ariſes, you ſee, a prodigious 
Ebullition, Efferveſcence, and a Fume, that has a ſmell like Garlick, and the 
whole Body of the Iron is perfe&ly diſſolved into a green Liquor. In the ſame 
manner the famous Bobn and Boyle tell us, Silver and Lead will not diſſolve 
in the ſtrongeſt Spirit of Nitre, though if it is diluted with Water, they will 
be corroded by it immediately. But that you may be judges of this yourſelves, 
pleaſe to attend to the following Experiments. In this Veſſel I have 1 ounce of 
the ſtrongeſt Spirit of Nitre that can be made, into which I put half an ounce 
of Minium, and they remain quiet, without any Efferveſcence, and in the cold 
will continue ſo a conſiderable time. Again, I have here 1 ounce of the ſame 
Spirit of Nitre, but diluted with eight ounces of Water: To this I add + an 
ounce of Minium, and they remain at reſt as before. But again, in this Veſſel 


I mix x ounce of pure Silver with 1 ounce of the ſame ſtrong Spirit of Nitre; 


nor do theſe diſcover any motion or ebullition. And laſtly, in this Glaſs there 
is I ounce of this Spirit mixed with the ſame quantity of Rain-Water, into 
which I throw 1 ounce of pure Silver; and theſe you ſee, likewiſe, in this de- 
gree of Cold continue perfectly at reſt. But as ſoon as ever, now, the Fire 
begins to put theſe four mixtures in motion, there is preſently brought abour 


an agitation, ſolution, and ebullition, which appears in the pure Spirit to be 


weaker and flower, in that which is diluted, briſker and more efficacious. See 
Boyle upon this head, in his Philo. Ef. Bobn. Chem. p. 156. Let us now, then, 
Gentlemen, conſider what we can deduce from theſe Experiments to our pre- 


ſent purpoſe, In the firſt place, then, it hence evidently appears, that acid 


Salts, when they are converted into Spirits, as they are called, may be diluted 
with a greater, or leſs quantity of Water. Secondly, that by the concuſſion of 
the Glaſs this dilution is ſo much promoted, that by this means the Water may 
be very equably mixed with the Salts, though before, the Acid ſtagnated at the 
bottom, and the Water reſted quietly at top; as the pinguious Striæ in one part 
evidently demonſtrate, Thirdly, that between every two ſaline Particles, as 
many aqueous Particles, as the Artiſt pleaſes, may be in this manner interpoſed, 
if he will only add a proper quantity of Water. That hence, therefore, % 

the 
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the fourth place, it may be effected, that theſe Particles, thus diluted, ſhal! 
not any longer be united into ſaline Glebes, but ſhall ſeparately ſwim about 
amongſt the Particles of Water, with which they are intermixed. Hence, 
fifthly, theſe ſaline Elements, thus ſwimming about in the Water, ſeem capa- 
ble of infinuating themſelves into the very ſmall Pores of the Bodies to be 
diſſolved; inaſmuch as they now exiſt in their ſmalleſt form. In the laſt 
ul it is probable, that theſe acid, ſaline Particles, when they were not di- 
ated with Water, aſſociated with one another, and thus were in ſome meaſure 
concreted into coherent, little Maſſes, which by this means became too great 
to penetrate into theſe little vacuities. Theſe things, then, being duly con- 

ſidered, the opinion we juſt now offered ſeems fufficiently probable. 

In the ſecond place, if we would rightly underſtand the powers of thoſe The ferondi 
Menſtruums that perform their effects in a mechanical manner, it is neceſſary, 
by all means, to conſider the figure of the ſolvent Particles: For it appears, 
by the mechanical demonſtrations of the Geometricians, that mechanical actions 
depend principally upon the figure of the acting Bodies. For a Body, remain- 
ing perfectly the ſame in all other reſpects, but only changing its figure, be- 
comes fit to perform a great many things, which it was not. capable of before. 
This I generally explain by this ſimple Example. Take an ounce of Steel, 
and form it into a Sphere, a Cube, a Knife, a Lancet, a Polygon, a Dagger, 
a Pyramid, an Adz, a Saw, or a File, and will it not in every one of theſe 
ſhapes acquire a new, and very different power from what it had before ? 

The ſame Body, therefore, being variouſly ſhaped, acts always with a new 
power upon the Body which it is made uſe of to diſſolve. But by this means 
it often happens, likewiſe, that the capacity of the Pores become fit to admit 
Solvents of certain Figures, rather than any others. And hence it ſeems to 
come to paſs, that the recipocal vertue betwixt the Solvent and Solvend, is of- 
ten perfectly changed or deſtroyed, when either one or both have the figure 
of their ſurface altered. This, indeed, it is exceeding difficult to give an 
ocular demonſtration of; as neither the ultimate Particles, or Pores of Bo- 
dies can ſcarce poſſibly be rendered viſible: But if from what we obſerve in 
larger Bodies, we may be allowed by analogy to conclude concerning the 
more minute, we mult infer, that this will likewiſe hold true in thoſe Par- 
ticles of Bodies which eſcape the diſtin& obſervation of our ſenſes. Unleſs, 
perhaps, ſome perſons may imagine, that the ſolvent Elements are not chang- 
able in any reſpect; though this I think does not appear ſo probable; as the 
Elements of Bodies ſeem to be one thing ; thoſe of Solvents another. In many, 
at leaſt, it looks as if this mutability muſt be admitted. In the mean time, 
that a very efficacious power of acting ariſes between Bodies, from the mere 
figure of the ingredient, and admittent, the illuſtrious Boyle formerly evinced 
by the inflance of a Key and a Lock, in which, ſolely from the ſize and fi- 
gure, there is produced ſuch a particular power of acting, as is peculiar to 
thoſe two alone. Hence, therefore, we infer, that the proportion, like- 
wiſe, between the figure of the ſolvent Elements, and the Pores of the 
Body to be diffolved, is the occaſion. of a great number of very particular 
effects in theſe merely mechanical ſolutions; and that hence, from the bulk 
and figure of theſe Particles, the moſt remarkable, corporeal changes are 
continually brought about. Laſtly, by the figure alone of a given Body, very 
often are produced very ſurprizing effects, depending only upon that particular 

; r confort mation. 


A 
3 


412 Elements of CHEMIS TRY, Part II. 
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The Third, But whilſt we are conſidering theſe merely mechanical ſolutions, there ſeems 


the Solvent; and that is, to ſuppoſe the ultimate Elements of the Menſtruum 
to be endued with a proper rigidity, and to be able to inſinuate themſelves 
in ſuch a manner into the Pores of the Body to be diſſolved, that one part 
may be fixed in it, whilſt the other ſtands out above the Surface, For if 
we imagine this to happen all over the porous Surface, and thus con- 
ceive it to be grown rough with theſe Spicula, which are thus inſerted 
but are not able to proceed any farther; then if a motion is excited in the 
Menſtruum, the agitated particles will ſtrike upon the exteriour parts of theſe 
Wedges, and that, every moment in various directions. Hence, then, muſt 
neceſſarily ariſe in theſe particles a power of cleaving and dividing aſunder the 
I N Corꝑuſcles 
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Corpuſcles of the Solvend ; as we ſee timber cleft to pieces by the aſſiſtance 
of Wedges. And that this, now, is the caſe in Menſtrunums, is certain! 
exceeding probable 3 eſpecially if we conſider, that in theſe ſolutions thoſe 
ſurfaces that were ſmooth before, almoſt always grow rough and unequal. 
And indeed in mechanical ſolutions, this third cauſe ſeems to be the. 
moſt efficacious; as we can clearly conceive of the active power of thoſe 
inſerted, and variouſly agitated Wedges; as the ultimate Elements of the Sol- | þ 
vent are infinitely numerous; and as the Pores of the Solvend are diſtributed | 
through every point of irs Surface, as appears evidently from the fineneſs of 
the Particles when they come to be ſeparated. T 1 
Laſtly, a fourth cauſe that promotes mechanical Solutions, is Fire, For this The fourth. 
it is that principally agitates, applies, and renews the application of the ſo]- 
vent Particles, whenever theſe happen to be qualified in the manner above- 
explained. This it is that, by its concurrence, puts the whole in action; with- 
out this the three other cauſes would be intirely without effect. A Wedge 
though it is fixed into a piece of Oak, has no manner of efficacy towards 
cleaving it aſunder, if the external percuſſion of the Beetle is not ſuperadded. 
And thus, tho' the Elements of the Solvent, in ſize, rigidity, figure, weight, 
and elaſticity, are perfectly ſuited to the pores, reſiſtance, and . of 
the Body to be diſſolved; though they are brought into contact with it; tho? 
they have one of their extremities fixed into it, whilſt the other part ſtands 
out above the Surface; I ſay, though all theſe circumſtances concur together, 
they will be able to induce no change upon the Solvend, unleſs the active . "= 
percuſſion of Fire comes in to their aſſiſtance. Nor does Fire only act thus * 
directly upon theſe Menſtruums, but it aſſiſts them, likewiſe, as it puts in mo- | 
tion and agitates the Air, which preſſes upon them with a prodigious weight, 
and thus applies their Particles to one another, by which concuſſion it pro- 
duces an attrition upon the ſurfaces of the Bodies to be diſſolved. And hence 
the elaſticity, weight, and agitation of the Air excited by Fire, aſſiſts, like- 
wiſe, the powers abovementioned 3 as does alſo concuſſion and attrition, This 
then, Gentlemen, is all that pure Mechanics can furniſh us with, that I know 
of towards underſtanding the actions of Menſtruums. This ſome Gentlemen, 
of great authority, have thought ſufficient to explain all the Phenomena that 
have ever. been obſerved in their Operations. But, with ſubmiſſion, though 
we are ready to acknowledge, that in all the actions of every kind of Men- 
ſtruum whatever, all theſe mechanical powers are preſent, and do aſſiſt and 
co- operate; yet ſtill we cannot for this reaſon allow, that they alone, without 
the concurrence of any other cauſe, are capable of perfecting the whole Ope- 
ration. 1 
- Nay, on the contrary, we take the liberty to aſſert, that it very ſeldom hap- Mechaniea} 
pens, that any Menſtruum whatſoever acts with all its energy, by the aſſiſtance fore wore 
of theſe cauſes alone. And this we think is ſo evident to an unprejudiced ent, 
inquirer, that the incomparable Newtoy was obliged, from the obſervations 
he had made, to add ſome others of a quite different nature. But that the 
Geometricians may not charge us with aſſerting this raſhly, and without ſuffi- 
cient grounds, let us examine the matter a little deliberately. When a Body, then, 
is immerſed, and is at reſt in a Fluid, endued only with mere mechanical pro- 
perties, and this Body has no power, with regard to this Liquid, but a avon 
8 mechanica 
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mechanical one, what mechanical Operation will then naturally follow ? Why 
the fluid Matter being at reſt, will, from its weight, and the ſubtlety of its 
parts, ſurround and compreſs both the external ſurface of the Body, and the 
internal one of the Pores, which it is capable of penetrating into. And hence, 
according to the laws of Hydroſtatics, the conſequence will be nothing more 


than a bare compreſſion of the parts, without any diviſion, or ſo much as the 


leaſt alteration of irs figure; unleſs the Body ſhould happen to be ſoft, and 
yield but little reſiſtance, and at the ſame time ſhould have its Pores full of 
a Fluid lighter than the ſurrounding one, and capable of being condenſed 


or expell'd; for then, the Maſs being condenſed, would have its figure, 


bulk, and ſpecific gravity altered, and by this means would rather, come to 
2 more ſettled ſtate of reſt, and coheſion, than to one of diſſolution. But 
ſuppoſe, now, that by the application of Fire, the Elements of the Menſtry.. 
4m were put in agitation, why then, too, if both the Fluid and Body immerſed, 
conſidered ſeparately, are homogeneous, the effect of the Menſiruum will be 
pretty nearly the ſame ; for the Fire acting equably upon all the Elements of 
the Fluid together, will ſtill continue to preſs the Body equally on all ſides. 
When it is raiſed, indeed, to ſuch a degree, as to make the Fluid boil, and 
produce thoſe unequal and exploſive morions that are the conſequence of it, 
it may then, by theſe irregular percuſſions, rub off ſomewhat from the ſur- 
face of the Body, eſpecially if any Particles happen to ſtand out above the 
reſt, But this, now, of how little conſequence it can be of in the Solutions 
we daily ſee performed by Menſtruums, every body that knows any thing of 
the matter , muſt eaſily conceive ; eſpecially if we conſider, that Hartſhorn will 
not be ſo much diſſolved by being boiled for a long time in Water, in which 
it is every way ſurrounded, as it will by being ſuſpended in ſuch a manner, 


as to be expoſed to its Vapour ; as the alchemiſtical ſolution of Hartſhorn 


evinces. But then let me caution you, that if any Matter contained in the 
Pores of the Solvend ſhould be dilated by the Fire, diſploded in Bubbles, and fo 
break through the incloſures where it was confined, and thus divide the Body, 
this ſolution muſt not be aſcribed to the mechanical action of the Menſtruum, but 
to the rarefying force of the Fire acting upon this elaſtic Matter. Whilſt I 
have ſeriouſly weighed all theſe things, I have frequently doubted with my- 
ſelf, whether the Air itſelf, in which are Oils, Salts, and Spirits, or any other 
Menſtruum, whether fluid or ſolid, ever operates in their ſolutions of Bodies 
by pure mechanical Principles; eſpecially conſidering that they themſelves are 
ſcarcely ever ſimple and perfectly pure: And upon examination I have found, 
that there are intermixed with them all various parts of different powers, which 
have their proper and peculiar vertues, by which they attract, repel, and change 
Bodies after various manners. Whoever, therefore, aſcribes more to a mecha- 
nical power than the All-wiſe Creator has allotted to it, is certainly in the wrong: 
This, as every thing elfe has its proper limits, within which if we keep, we 
ſhall act wiſely, and may ſo far ſafely make uſe of this cauſe for explaining the 
Operations of the Chemical Art. Theſe then, Gentlemen, are my ſentiments 


upon this head; which the love of truth has drawn from me. How diſtant 


theſe are from the charge that has been publickly fixed upon me, that I pre- 


tend to explain all chemical Operations by mechanical Principles, you your- 


ſelves are judges, This certainly is impoſing upon the World, and imputing to 
| | | | me 
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me what is vaſtly different from my way of thinking, and what I conſtantly 
7 as, I believe, there is no man living leſs pleaſed with this opinion than 
myſelf. | Fit 
| Having thus, then, diſpatched the Doctrine of Menſtruums that act by a Of „nu 
mechanical power, I come now to examine thoſe which execute their office 3 
by ſome particular vertue, and do not operate by any of thoſe qualities with lar venue. 
which the Author of Nature has endued Bodies in general. And theſe, 
in reality, are ſo numerous, that there are ſcarce any that do not come under 
this head. It will be neceſſary, therefore, to digeſt this vaſt multitude into 
certain Claſſes, prefixing to each of them ſome diſtinguiſhing character, to 
which they may be reduced. And this method will have this evident advantage, 
that it will both aſſiſt the memory, and give us an opportunity of referring 
any new ones, that may be found out, to ſome that were known before, and 


thus, from the affinity of their nature, eaſily underſtanding the force of their 
action. | | : 


Of War ER and WaTERY MENSTRUUMS. 


In the firſt place, then, I ſhall treat of Water, and watery Menſtruums; which 
will make up the firſt Claſs. 

Water, then, congealed with Cold, being mixed with dry or fluid Salts, 1 a Ma- 
volatile or fixed alcalious ones, volatile or fixed acid ones, and compound uu 
ones, as alſo with fermented vegetable Spirits, both diſſolves, and is diſſolved; 
and in this ſenſe, therefore, why may it not be referred to ſolid Menſtruums? 

This it does in the moſt intenſe cold, and always by this means excite a geater 
degree of it. See p. 97. and following, where this affair has been handled 
already, and therefore may be here properly omitted. 

The proper diſſolving action of Water, however, ſtrictly ſo called, begins But rather 
then, when this Element continuing ſtill in a ſtate of fluidity, is in the very when it is 
next degree to freezing. This, therefore, according to our former obſervations 228 


will be, when Fabrenheit's Thermometer ſtands at about 33 degrees; for 


then a hoar-froſt begins to be formed in the Air. But that great Mathemati- 
cian Romer, during the ſeverity of the Winter 1709, is ſaid to have obſerved 
at * Gedanum the ſame Thermometer, of which he himſelf was the firſt in- 
ventor, fall from the freezing point 33 to the degree 1; and conſequently the 
Cold had then increaſed 32 degrees beyond a freezing one. But as this place 
is in 40 degrees North Latitude, and therefore 50 degrees from the North 
Pole; as the cold always grows greater and greater, the nearer you approach 
to the Pole; and as no body has ever yet been able to get thither, the ex- 
ceſſiveneſs of the Cold proving fatal long before one can come near it: Hence 
we certainly know, that the Cold about the Pole muſt be greater than any 
that has ever yet been obſerved, though to what degree it riſes there it is 


not poſſible to determine. 


This, however, which is ſufficient for our preſent purpoſe, we may be ab- 15 fre af. 
ſolutely ſure of, that through the whole extent of Cold, from the degree 32 ferent in dif- 


| im i ferent d 
to thoſe unknown limits, pure Water can never perform the office of a liquid of Hes 


of Heat, 


I our 8 means Dantzick here, which is the only place that I know of that this word ſignifies, 


that lies in about the latitude 54, and, conſequently, but 36 degrees from the Pole: This does not at 
all, however, invalidate the force of the argument. : 
| Menſtruum, 
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Menſtruum. But as Water, now, by the application of Fire to it, may be 
heated to 214 degrees; hence its action, as it depends upon Fire, may be fo 
far increaſed, but no farther, ſo long as it is upon the ſurface of our Earth, 
and expoſed to the open Air; for under theſe circumſtances it is not poſſible 
to give it any greater degree of Heat, If we remember, however, that Wa. 
ter 1s capable of receiving ſo much more Fire into it, as it is compreſſed with 
a greater weight of the Atmoſphere, then we may clearly conceive, that the 
power of Water, when increaſed by Fire, in the deepeſt receſſes of the Earth, 
may be ſo immenſly great, that its diſſolving force thus augmented may be 
greater than that of any other Menſtruum that we are here acquainted with. 
But be this as it will, this we are ſure of, that Water with us, as Water, 
has its diſſolving power confined within 32 and 214 degrees of Heat. 

But limited · To the very great happineſs, therefore, of the preſent age, we are able to 
meaſure the power of Fire upon this firſt Menſtruum. And here it is very en- 
tertaining to take a view of the various methods of Nature's working in 
theſe different degrees of Heat; for in many ſolutions performed by Water, 
its diſſolving power increaſes in proportion to the Heat to which it is expoſ- 

and remits, and grows leſs again, as that is diminiſned. Thus we find, for 
inſtance, that Water 33 degrees hot will contain a certain quantity of Sea Salt 
diſſolved in it, which, thus reſiding in it, will prevent its being frozen with 
that degree of Cold, in which pure Water begins to be congealed; for the 
interpoſed Salt ſeems to hinder the Surfaces of the Particles of Water com- 
ing into contact with one another: But if the Cold comes to be increaſed much 
above the degree in which pure Water freezes, then the ſalt Water likewiſe 
begins to be reduced into a leſs ſpace, and the Salt, being preſſed out by the 
contracted Water, begins to collect itſelf into little chryſtalline Grains at the 
bottom of the Veſſel. And if afterwards the Cold grows gradually ſharper 
and ſharper, the Water will by degrees diſcharge more and more Salt, till at 
laſt, being pretty nearly freed from it, it will be intirely converted into. Ice: 
And here, in every degree of this increaſing Cold, there will be more Salt ſe- 
parated from the Water than there was before. On the contrary, now, if in 
Water 33 degrees hot you diſſolve as much Salt as ever it will take up, and 
then increaſe the Fire till you make 1t boil, throwing in a few grains of 
Salt upon every new degree of Heat, you will then find, that it will gradual] 
diſſolve more and more Salt, till the Brine begins to boil, but then will diffolve 
no more, though you keep it boiling for a conſiderable time. In the former 
| caſe too it ſhould be added, that Water which diſcharges its Salt by means of 
| Cold, and then freezes, when afterwards it comes to be thaw'd, will diſſolve 
again the ſame Salt that was ſeparated from it. EE 

As appears But that you may have ocular demonſtration of the truth of this, pleaſe to 

oy Exper attend to the following experiments. In the firſt place, then, I take an ounce 
of pure dry Sea Salt reduced to powder, which I put into this clean glaſs che- 
mical vial, and then pour 3 ounces of clean Water gently down the ſides of 

the neck, and ſet the Veſſel by in the degree of Heat which the Thermometer 
at preſent ſtands at. In this other Vial I have exactly the ſame quantity of Salt 
and Water as in the former, and hold it in the ſame degree of Heat, but this 
I ſhake very briſkly about, adding now and then a ſmall quantity of Salt, till 
it won't diſſolve any more. This third Vaal, likewiſe, is furniſhed with Water 
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and Salt, as the other two. In this braſs Kettle, now, which is upon the Fire, 
and has Water in it, I put the ſecond Vial which contains the Water and Salt 
diſſolved by concuſſion ; and this third, which was not ſhook at all; and by 
gently increaſing the Fire gradually heat the Water. You perceive, now, 
evidently, that as the Heat grows greater and greater, the Salt in the Vial that 
was not ſhaken, begins to be more and more diſſolved, and that much ſooner, 
and in a much greater quantity than that is in the firſt Vial, which I ſet by in the 
preſent heat of the Air : So that now, within a ſhort time, the diſſolution of the 
Salt in this vial which is at reſt, is equally effected by the application of Fire 
to it, as you ſaw it was before in the ſecond caſe by ſhaking the Veſſel. But 
into this Vial, now, which has the Salt diſſolved by concuſſion, as the Heat 
gradually increaſes, I continually throw in a few grains more of Salt, and this 
continue to do till the Water in the copper Veſſel begins to boil; and you fee 
there is now a conſiderable quantity of Salt diluted in this Water, beſides what 
it could diſſolve, when the Vial was ſhaken about, though it was agitated very 
ſtrongly. Having thus, then, thrown into this Vial, ſtanding in the boiling 
Water, ſo much Salt, that the Water in it will not, in that degree of Heat, 


diſſolve the laſt Grains I put in, I now take out the Vial with its Water thus 


ſaturated with Salt, by means of the Heat of the boiling Water, and wiping 
it clean, ſet it by, that it may gradually cool. As the heat of the Water, 
now, decreaſes, the Liquor which before was pellucid, begins, you perceive, 
to grow opake, and turbid, a Pellicle forms itſelf upon its Surface, the Salt 
is precipitated to the bottom; and now it is reduced to the temperature of the 
ſurrounding Atmoſphere, it has diſcharged almoſt as much Salt as it had 
diſſolved more in the Heat of the boiling Water, than it had in the external Air. 


Having thus, then, obſerved theſe Experiments, pleaſe now to turn your 


eyes to the firſt Vial, which I ſet by with 3 ounces of Water, and 1 of Salt. 
And here you fee part of the Salt is diſſolved at the bottom, whilſt a con- 
ſiderable part of it remains intire, as before. And that part which is thus, 
diſſolved is not mixed with the Water, but continues at the bottom of the 
Glaſs, in form of a heavy, pinguious, and, as it were, tenacious Liquid ; and 
if it is not ſhook, will continue in that manner for a long time. If you ſhake 
it about, however, it diſſolves in the appearance of little Eels, and becomes diſ- 
perſed through the incumbent Water, nor ever ſeparates from it again, and ſub- 
fides ro the bottom. This, now, being thus ſhaken from the bottom, another 
portion of the Salt is diſſolved, and keeps at the bottom too as the former did, 
till it is agitated and mixed with the Water that is leſs ſalt, and ſwims at top 
of it; and the operation will be found to proceed in the ſame manner, till al- 
moſt all the Salt that was put in is diſſolved in this quantity of Wager. In 
order, now, to make theſe Experiments, you ſee J have made uſe of two glaſs 
Vials, whoſe necks are ſo long, that nothing could exhale from the Brine in the 
belly of them, whilſt they ſtood in the boiling Water; which is neceſſary 
to be obſerved: And you took notice, that I heated theſe necks, leſt being 
expoſed cold to the hot Vapour of the Water, they ſhould fly to pieces, 

If you pleaſe, now, we will take a view of ſome of the Phenomena which oorllaries 
offer themſelves to our obſervation in theſe ſimple Experiments, and which de- e. “e 
ſerve to be properly conſidered. 1. Then it appears hence, that neither 
the Particles of the Salt, or the Water, _ =w7 ways changed in this — 
| l hh ut 
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but that they are only ſo united together, that the Water is now come into 
contact with the Salt, in the ſame manner as the Elements of the Salt and 
the Water, ſeparately conſidered, were in contact with one another; which kind 
of ſolution is called mere mixture. 2. That the Heat, in proportion to its 
Strength, increaſes the mixing power in ſuch a manner that both the Solution 
is performed quicker, and a greater quantity of Salt is diſſolved in the ſame 
quantity of Water; and this is conſtantly the caſe, ſo long as the Water is 
capable of admitting any farther degrees of Heat. 3. That aqueous Menſiru- 
ums, which are perfectly ſaturated with Salt, if they are afterwards expoſed to 
a greater degree of Cold, grow turbid, and depoſite ſome ſaline Corpuſcles; but 
upon being reſtored to their former Heat, recover their tranſparency, and diſ- 
ſolve again the Salt they had diſcharged. 4. That the Water is condenſed 
by Cold, and the Salt diſſolved in it compacted into chryſtals, which melt 
0 again upon the return of the Heat. And this is true, to ſuch a degree, 
that even Oil of Vitriol itſelf, that is perfectly dephlegmated, will continue 
fluid in a Veſſel accurately ſtopp'd, but by an increaſe of Cold will be con- 
denſed into a ſolid Maſs, which in a warm Air will diſſolve again ſpontaneouſly. 
5. That boiling Water, when it is thoroughly faturated with Salt, is heavier 
than that which is pure. Hence it comes to paſs, that this Brine, whilſt it 
is boiling on the Fire, appears by the Thermometer to be hotter than ſimple 
boiling Water. And hence, if a glaſs Veſſel, with this Brine included, is ſet 
in boiling Water, the Brine can never be made to boil by the heat of that 
Water, but requires a greater degree of Heat before it will diſcover any ſigns 
of ebullition; tho? if pure Water was thus put in boiling Water, that likewiſe 
would boil immediately, as you have had the pleaſure of ſeeing. 6. Sg far, 
therefore, the cauſe by which Water is a ſolvent Menſtruum, is Fire, of which 
being deprived, it ceaſes to act. The truth of this, conglaciation evidently 
evinces; for this beginning at the degree 32, and deſcending 72 degrees 
lower (p. 100) the Cold through all the degrees of that decreaſing Heat 
more efficaciouſly expell'd almoſt all kinds of Salts diſſolved in the Water, and 
that to ſuch a degree, that even Spirit of Nitre itſelf became concreted into 
icy Glebes. Hence, then, we evidently demonſtrate, that as Cold gradually 
increaſes, it in proportion ſeparates Salt more accurately from Water, and expells 
it perfectly when it comes to be thoroughly frozen. The ſame cold too deprives 
Water of the power of diſſolving Alcohol; for in the Winter of the Year 
1729, I expoſed Ale, Wine, Vinegar, and Brine, in large flat Veſſels, to 
that ſevere Cold, and the Froſt reduced almoſt all the Water of theſe Liquors 
into a ſoft, ſpongy kind of Ice, and united the ftrong, generous Spirits into 
one Liquid; ſo that piercing the icy Cruſt, one might pour out a fragrant, 
and very ſapid Liquor, now ſeparated from the Water, with which it was 
befote diluted. And the more intenfly the Cold was increaſed, this ſeparation 
was conſtantly ſo much the greater. Cold, therefore, deprives Water of that 
property of a Menſtruum by which it diſſolves Alcohol and acid Salts. 
And it 1s exceeding probable, that the greateſt Cold, poſſible in nature, would 
condenſe Water into ſuch a Body, as would have no diſſolving power at all; 
but ſuch a Cold as this we are not acquainted with. 7. Hence we ſee, ſeventhly, 
that the proper power of Water, by which it is capable of diſſolving Salts, 
or any other Bodies, and keeping them diſſolved in it, a united with it, is 
| , not 
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not of itſelf ſufficient for this purpoſe, but abſolutely requires the aſſiſtance 
of Fire to be able to retain them in a ſtate of ſolution. 8 What has been de- 
livered, if it is applied to the animal Fluids, the human in particular, will 
be of excellent ſervice to us, tho? it is but very little attended to, For among 
all the Fluids that are obſerved in a ſound Body, Water is the principal, and 
much the greateſt in quantity, and is always found intermixed with every one 
of them without exception. In this, therefore, the Elements of all the other 
animal Humours are diſſolved, and circulate together with it, and are kept 
by it in a proper ſtate of fluidity. And hence does it not evidently appear, 
whatſurprizing alterations this Water, which is ſo obnoxious to Cold and Hear, 
muſt induce upon theſe Humours? Examine the Blood drawn out of the Veins, 
and how wonderfully do you find it changed from itſelf by only being ex- 
poſed to a gradually increaſing Cold ? Obſerve this Urine, which was made. 
but a few hours ago by a healthy man that was faſting, and yet you ſee, in 
this cold ſeaſon, it has already depoſited a thick ſediment at the bottom of 
the Urinal. But pleaſe to attend, now, whilſt I gradually heat this Water - 
over the Fire; and you perceive it diſſolves the Fæces that were ſeparated from 
it, and that in a ſhort time it becomes juſt the ſame as when it was made. 
Hence, therefore, let us learn, what conſiderable alterations may be brought 
about-in the living Body, by the variation of the heat of the Water con-- 
tained in it. And whilſt we are upon this head, I can hardly help abſolutely - 
inferring, that. the diſſolving Power which Water has as a Menſtruum, always 
increaſes exactly in proportion to the augmented Heat, till it comes to a ſtate + 
of ebullition : This all the Obſervations we have propoſed confirm the truth of. 

But how dangerous is it, to pleaſe one's ſelf with generals in Phyſicks, to The power 
recede ever ſo little from Experiment, or too haſtily to come to concluſions? Wa 11. 
For there are other Experiments, and thoſe not a few, which would induce o. 
one to believe, that the diſſolving power of Water decreaſes in proportion as 
its Heat increaſes; an undeniable demonſtration of which I ſhall now exhibit 
to you. In this Urinal I have ſome clean Water warm'd to the heat of the 
human Body. Into this I throw theſe Balls made of wheaten flower, work'd with - 

Water into a ſoft, tenacious Paſte ; and don't you obſerve how they melt, 
are diluted, diſſolved and mixed with the Water, and render it turbid ? Into 
this other Urinal, now, which ſtands over the Fire, and in which the Water 
boils, I put ſome more of the ſame Balls; and theſe you perceive do not diſ- 
ſolve, but on the contrary, though they are thrown about by the force of 
the boiling Water, grow: hard, nor. have any of their. Corpuſcles beaten off, 
But again, with this. Water, warm'd as before, I mix the white of a new- laid Egg; 
and you ſee it diſſolves, and when it is diluted in the Water, diſappears: Bur 
now as I make the Water gradually hotter and hotter, it begins, you perceive, 
by the Heat of this Water now in a. greater motion, to be formed into 
fibrous concretions, and at laſt grows totally hard. Here, therefore, you have 
an ocular demonſtration, that upon increaſing . the Heat from one certain 
] | point, the white of. an Egg begins to harden, and grows continually harder 
and harder ; and yet, from a certain limit of Cold, to. that degree of Heat in 
which the coagulation firſt. appears, upon every freſh addition of Heat, it is 
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Subſtances Hence, therefore, we muſt reduce into Claſſes thoſe Bodies which are always 
aw certainly diſſolved by Water, in every degree of Heat that can be communi- 
yr __ cated to it. Of this kind, then, are 1. All Sal- Gems, Fountain Salt, Sea Salt, 
Ful, Salt Nitre, and Sal- Ammoniac, as well the Cyrenaican and Ægyptian, as the factiti- 

ous. 2. All pure, volatile, alcaline Salts, whether ſpontaneouſly produced by 
putrefaction, or artificially procured by diſtillation, from Animals, or Vege- 
tables. 3. Every kind of fixed alcaline Salts prepared from Vegetables by 
burning them. 4. All ſorts of acid Salts that are naturally generated, either in 
the vegetable, or foſſil kingdom. And to theſe we muſt add all vegetable Acids, 
procured by a proper fermentation, when by this fermentation there is a pro- 
duction of Spirits, and particularly when by a double fermentation thoſe Spirits 
are prepared, which are commonly called Vinegar. And again, hither muſt be 
reduced thoſe Acids, which by diſtillation are procured from moſt kinds of 
Woods, hard and ponderous ones in particular, as Oak, Guaiacum, Saſſafras, 
and the like; as likewiſe all Vinegars, which, by diſtillation, have acquired 
the name of diſtilled Vinegars. The condenſed Vapour, too, of burning Sul- 
phur belongs properly to this Claſs ; as well as that Acid which by a very ſtrong 
Fire is drawn from Alum, Vitriol, Nitre, Sal Gem, and Common and Fountain 
Salt. 5. Compound Salts, artificially produced by combining together alcalious 
and acid Salts to a perfect ſaturation. And theſe are very numerous, on ac- 
count of the variety of the fixed, volatile Alcali's, the great number of vege- 
table and foſſil Acids, and the diverſity even of thoſe of the ſame kind. But 
though all cheſe, now, thus prepared, will diſſolve in Water, yet let me cau- 
tion you, that among theſe, that which goes by the name of vitriolated Tar- 
tar is diſſolved by it with the moſt difficulty, and will very quickly again har- 
den in it into a ſolid form. 6. Thoſe ſingular and ſurprizing Salts, the Borax's, 
may likewiſe be diluted in Water, but not eafily, and not without a large quan- 
tity of Water, and a ſtrong Heat continued a good while ; and hence, if either 
the Water is leſſened, or the Heat abates, they preſently form themſelves again 
into ſolid Maſſes, 7. Native, vegetable Salts, produced from their Juices, by 
dilution, filtration, inſpifſation, and then letting them ſtand a good while quiet, 

as the eſſential Salt, as it is called, of ſorrel, and others; all which are ſo eaſil 
diſſoluble in Water, that they can ſcarcely be kept from melting of themſelves. 
38. And laſtly, the Salts of Vegetables, which are generated from Wine, or 
the Juices of Plants perfectly fermented and depurated, adhere to the Caſks, 
and go by the name of Tartars. Theſe, if they are pure and hard enough, 
will continue dry in the Air, nor will diſſolve in their own Wines, In Water 
they are diluted with difficulty, not withour a great Heat, and twenty times 
their weight of Water; and as ſoon as ever either the quantity of Water, or 
the Heat neceſſary to keep it boiling is diminiſhed, they immediately run into 
little ſolid Glebes. Bur except Borax, Nitre, Tartar, and vitriolated Tartar, 
all the other Salts will not only diſſolve in Water, but are in their nature ſo averſe 
to being kept dry, that they even run with the Water they attract out of the com- 
mon Air; the pure acid Salts, and the volatile and fixed Alcaline readieſt of 
all. As for the acid ones, certainly, it is exceeding difficult to exhibit them 
pure and dry, nor can'it be done, except when it is vaſtly cold. And when you 
take fixed alcalious Salts out of a melting Fire, if they are expoſed even to 
a dry Air, as ſoon as ever their Heat abates a little, they immediately gow 
amp 
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damp with the moiſture they draw out of it. Hence, therefore, it evidently 

appears, that theſe Salts have a ſecret power of attracting Water into their 

dry and bibulous Subſtance. In the action therefore of Water, by which it di- 
lutes theſe Salts, there are two Powers, which ought carefully to be diſtinguiſh- 
ed from one another, conſpiring together, one of which diſſolves, the other at- 
tracts, and both in conjunction make up the efficacy of an aqueous Men- 
ſtruum. Here, however, we muſt not omit taking notice, that there are ſome 
Salts, which when they are alone, are vaſtly greedy of Water, and yet when 
they are combin'd together form a third, which admits it with a great deal 
of difficulty. What, for inſtance, attracts Water more greedily than Oil of 
Vitriol ; or what parts with its Water harder than the Alcali of Tartar ? 
And yet if you accurately mix theſe two together in ſuch a proportion, that 
the Compoſition ſhall by no ſign diſtinguiſh itſelf to be either acid or alca- 
line, you will then have a dry Salt that will diſſolve in Water but ſlowly. 

The fame thing is obſerved to hold true in other ſaturated Salts, thus pro- 
duced by combination, tho? perhaps in a ſomewhat leſs degree. But farther, 
in order to the perfect Solution of all theſe Salts, there is required a certain 
proportion of Water, which if you do not keep up to, there will be ſome Salt 
remaining undiſſolv'd at the bottom. And when Water, in a certain degree 
of Heat, is ſo thoroughly ſaturated with any particular Salt, that it will not 
diſſolve any more of it, yet this Lixivium, thus impregnated, will in the ſame 
temperature take in ſome other Salt of a different nature. Thus, for inſtance, 
if you put Sea-Salt into Water that is ſaturated with Nitre, you will find the 
Water will diſſolve a great part of it, tho? it would admit no more of the Ni- 
tre. And even then, when it is thus ſaturated with theſe two, you may af- 
terwards add Sal-Ammoniac with the ſame ſucceſs. 

In the ſecond place Water, as a Menſtruum, diſſolves all thoſe Bodies, which Secondy, 
from the large mixture of ſome Salt in them, are called ſaline. All theſe con- Aline Sub- 
tain one of the Salts abovementioned, which makes up the greateſt part“ 

of them, being intimately united with ſome other parts, which are nei— 
ther Salts, nor of a ſaline nature, but belong to ſome other claſs of Bo- 
dies, To this kind we may reduce; 1. All natural Sapo's of Plants, which 
we have before taken notice of and explain'd. Of this fort we there told you, 
are the ripe juices of all kinds of ſummer fruits whatever; in all which the 
Water, Oil, Salt, and Spirit. of the Vegetables, are moſt accurately mixed 
and concreted together, and all which are readily diſſolv'd in Water. (See p. 
39.) 2. Some ſingular concreted juices, different from the former, which are 
generated, and brought to perfection in ſome particular part of the Plant. Pul 
of Caſſia, Manna, Honies, and Sugars, are referr*d hither. Theſe, ee 
may in ſome meaſure be reckon'd among the former, tho' they differ in the 
marks juſt mention'd, and evidently contain leſs Water. They are Sapo's, 
however, abounding in an Oil and Salt compounded together ; and hence they 
are capable of being perfectly diluted with Water; even the Gums themſelves 
not excepted, 3. The more liquid juices of Vegetables, which circulate in 
their proper Veſſels through every part of them, Of this ſort are the Fluids 
that run from the inciſions made in the Birch, Walnut-tree, and Vine in the 
ſpring ſeaſon. All theſe, of which in different Plants there is great variety, 
are Sapo's too diluted with a great deal of Water; and hence are thoroughly 
N diſpoſed 
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diſpoſed for a farther diſſolution in an aqueous Menſtruum. 4. All the hu. 
mours of Animals hitherto obſerved, are very eaſily diſſolved in Water, ex- 
cept the fat alone. None of theſe native Humours, however, are more greedy 
of Water than the Bile, as I learnt formerly, when I endeavoured, with a gen- 
tle Hear, to inſpiſſate ſome of it freſh taken out of an Animal, in order to 
form it in Pills, and render it fit for keeping. But what was the conſequence? 
Why the Maſs ſpontaneouſly diſſolv'd in the Air. 5. All Soaps made of an 
expreſs'd vegetable Oil, a fix'd vegetable Alcali, and the igneous part of 
Quick-Lime, mix'd together by the help of boiling Water, and then by a 
proper coction inſpiſſated into one Maſs pretty cloſely concreted together. As 
likewiſe thoſe Soaps which are prepared from diſtilled vegetable Oils, compound- 
ed with a very acrid igneous Alcali, very dry, and very hot, made likewiſe 


with the ſharpeſt ſtony quick Lime: Theſe are made by ſimply mixing theſe 


Subſtances together, and then expoſing them in a low place to the open Air. 
To this head, likewiſe, belong thoſe very choice Soaps prepared in a more cu- 
rious manner, from the pureſt diſtilled Oil united with a ſimple volatile alca- 
line Salr, without the admixture of any Water, and perfected by a gentle, 
cautious, ſecret, repeated Sublimation, which then produces a moſt excellent 
Medicine. And laſtly, thoſe artificial Soaps the moſt ſubtil of all, made by. 
a proper combination of the moſt perfect Alcohol, with an exceeding pure vo- 
latile alcaline Salt. Theſe, if they are manag'd in a proper manner, are chang- 


ed into a very volatile, ſaline, ſaponaceous, ſulphureous Snow, which generally, 
_ tho? improperly, is called the Offa Helmontiana, by Raymund Lully, (Spiritns 


Vini acuaius Sale-Ammoniaco) Spirit of Wine ſharpened with Sal- Ammoniac. To 
which likewiſe we may refer one more, which they prepared from Alcohol, 
and Tartar intimately united together, by ſome method which was kept a ſe- 
cret. In all theſe Soaps, Chemiſtry is continually finding out ſome new, and. 
very efficacious Menſtruums, which are uſed very ſafely to excellent purpoſe 
in the healing Art. Now this is particularly remarkable in theſe, that tho? 
Oils, when they are alone, won't admit of a union with Water, yet they will 
be diſſolv'd by it when they are thus combin'd with Salts. Salts, when they 


are by themſelves, attract Water; and ſo they do Oils. Hence, therefore, we 


learn the methods by which Oils may be diluted in pure Water. 6. To theſe 
ſaline Bodies may be referr'd, ſixthly, with regard to an aqueous Menſtruum, 
Vitriols as the Chemiſt calls them, or Chryſtals, which are generated, when 
the Solvent Salts, Acids in particular, divide Metals into their ſmalleſt Par- 

ticles, and adhering to them very tenaciouſly, become concreted with them in- 
to little Glebes, which are intirely diſſoluble in Water, without any Fæces re- 
maining, ſo long as they retain this true vitriolic form. Of this kind are the 
Mageſteries, Sugars, Salts, and Vitriols, as they are called, of Gold, Silver, 
Lead, Mercury, Iron, Copper, and Tin, whilſt they continue compounded 
of the acid Solvent, the Water, and the Particles of the Metals mixed together 


in ſuch a proportion, that they remain clear and pellucid, like Glaſs, or 


Chryſtal. The greater quantity now of the ſolvent Acid is added to the Me- 
tal formed into Vitriol, thc eaſier always will it afterwards be diluted in Wa- 
ter. But if the Water is diſſipated from the Vitriol by a gentle Heat, ſo as 
to render the Glebules opake, then the metalline Particles preſently diſpoſe 
chemſelves in ſuch a manner, that they will not be ſo-caſily diſſolved in Wa- 

ter 
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ter as they were before. Nay, if you continue to dry theſe Chryſtals in this 
manner, they will at laſt not be capable of Solution at all, tho? they will ſtill 
retain a conſiderable part of their ſolvent Acid. An evident inſtance of all 
this we have in Mercury, If you take an ounce of this Fluid, which is abſo- 
Jutely indiſſoluble in Water, diſſolve it in an ounce and a half of good Spirit 
of Nitre, and then lightly inſpiſſate it, you will have a Liquor which you 
may dilute with pure Water as long as you pleaſe. When you have let this 
Liquor ſtand quiet for ſome time, it will at the bottom ſhoot into Chryſtals, 
which are exceeding cauſtic, whitiſh, and ſemi-pellucid, and will diſſolve, 
inſtantly, and totally, in Water. Dry theſe now into a white, yellow, red, 
ſcarlet Powder, and then Water will not intirely diſſolve them. In this reſpect, 
therefore, Water diſſolves thoſe Metals no further than with regard only to 
the Acia that adheres to the metalline Surfaces ; and for this reaſon, the Wa- 
ter immediatly lets go the Metals as ſoon as ever they are by any means de- 
prived of their Acid. Hence Metals, when they are diſſolved in Acids, and 
then plentifully diluted with Water, may be rendered potable, be received into 
the human Body, be there mixed with its Fluids, and act upon its Solids, and 
by this means bring about thoſe effects which it is able to perform upon ei- 
ther of them. And the effects, indeed, of theſe, are frequently obſerved to 
be very conſiderable; as by their acid and metalline quality they act upon both 
theſe parts very powerfully. This efficacy, however, remains no longer than 
whilſt they continue in this fluid form; but as this depends chiefly upon the adhe- 
ring Acid, when that is remov*d, their potability or miſcibility is deſtroy'dlikewiſe, 
and they are converted into a Calx, and Powder. Hence, then, we underſtand, 
how long medicinal vitriolic Waters continue efficacious, viz. ſo long as a 
ſolvent Salt is able to keep the diſſolved Metal diluted and ſuſtain'd in a large 


quantity of Water; for as ſoon as by the inactivity or poorneſs of the Salt, 


they come to depoſite an Ocre, they immediately grow flat and good for no- 
thing. What now has been ſaid of the action of an Acid, with regard to 
Water, will hold good likewiſe in Metals diſſolved in alcalious Salts ; as Cop- 
per, for inſtance, when it is diſſolv'd in a ſtrong Spirit of Sal- Ammoniac, gives 
a violet Tincture, but being again deprived of its Salt, is wonderfully chang'd, 
and turn'd into a dirty Powder, The ſame thing, likewiſe, is obſerved in thoſe 
Solutions, which are performed upon Metals by native or compound Salts, 
Thus Sal- Ammoniac, or Sea-Salt, will by certain methods diſſolve Metals in 
{ſuch a manner, that they will afterwards ſuffer themſelves tg be diluted with 
Water: And ſo long theſe likewiſe are capable of o many ef- 
fects in the human Body, but in ſuch a manner, that here too their action is 


limited particularly to their ſolubility in Water. But as in every other part of 


Natural Philoſophy, ſo here likewiſe, it is very difficult to lay down a gene- 
ral rule that will in all caſes be found to hold good: For the Solution of 
Antimony, made with the ſtrongeſt Spirit of Sea-Salt which adheres to the 
corroſive Sublimate of Mercury, called Butter of Antimony, is thoroughly ſa- 
turated with an Acid; and hence, according to the Doctrine laid down, one 
would be apt to imagine, that it might be eaſily diſſolv'd in Water; whereas, 
we find on the contrary, that if you pour Water upon it, the antimonial part 
turns immediately into an exceeding white Calx, which being fuſed with a 
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ſtrong Fire, produces a very beautiful Regulus of Antimony, which cannot be 
diſſolved in Water by any Art whatſoever. ee 

But to proceed to thoſe Bodies which are purely terreſtrial. Theſe likewiſe, 
if they are firſt corroded by Acids, may be perfectly diluted in Water, and 
lie there ſo concealed, that the whole Liquor ſhall appear perfectly pellucid; 
and hence theſe too are capable of operating in this form. Take Chalk, for 
inſtance, when it is plentifully corroded by an Acid, and you may dilute it 
in Water at pleaſure. And, indeed, I ſcarce know any Earth that may not 
be difiolved in ſome Acid or other, and under this change impoſe upon our 
Senſes. Hence, therefore, we may conclude, how little we can judge of the 
purity of Water, with reſpect to any Earth that may be contained in it, purely 
from its perfect tranſparency : Nay, the true ultimate Earths, produced from 
the Bones, Fleſh, Shells, and other parts of Animals, may be thus diſſolved in 
Acids; and therefore, all theſe too, may, in this ſenſe, be ſo far diluted in 


Water itfelf, and afterwards, by various methods, be recovered from it 
again, | | 


Not Alcali's. ' But tho? earthy Subſtances, when they are thus corroded by Acids become 


by this means diſſoluble in Water, yet we ſee on the contrary, that when the 


are intimately united with Alcali's, they are no ways capable of this Solution. 


This we ſee evidently in Glaſs, which is compounded of an Earth and an 
Alcali intimately blended together, whoſe union the cloſer it is, the leſs will 
Water be able to affect them. What a vaſt difference do we here find then in 
Earth, with regard to its Solution by Water, as it is corroded by one of 


' theſe Salts, or the other? Alcali's diſſolve it more ſubtily into a fix'd, pellu- 


cid, very hard Subſtance, which ſo powerfully reſiſts the diſſolving power 
of Water, that there is no Subſtance, which in this reſpect, exceeds it. It ap- 
pears to me, however, ſtill more ſurprizing, that the very ſubtil, volatile, al- 
caline Salts of Animals, ſhould by their union with an Earth, form a Maſs 


that will bear the action of boiling Water without being diſſolved: But the 


Stone that is generated in Animals is ſuch a Body, conſiſting of theſe Princi- 
ples, and an Oil combined together. This, to the great unhappineſs of many 
poor creatures, in whatever part of the Body it happens to be formed, is capa- 


ble of propagating itſelf, and increaſing in its magnitude ; for it has a power of 
abſorbing and uniting to its Maſs, a Matter ſimilar to itſelf, from thoſe animal 


Humours which are neareſt to putrefaction, as the Bile, and the Urine, in 
which the Salts become almoſt alcalious ; and theſe again lay hold of the 
fine Particles of Earth that are abraded from the human Body in the courſe 
of circulation, and thus by aſſociating with them, produce new ſtony Ele. 
ments, and thus continually increaſe the terrible monſter. 


Whilſt I ſeriouſly now conſider theſe things, I can't think but there appears 


Hence we 1 : 
kara the an evident reaſon, why the All-wiſe Author of Nature, has made all the Ele- 
Tealon o 


natural adi. Hients Of Animals, a very few excepted, of the aceſcent kind: For the acid 


on of An- Salts, by this means, predominating in the Stomach, diſpoſe the Nutriment 


bY 


to a much happier Solution than the contrary wou'd ; as the hard parts of the 


Food for their coheſion depend principally upon an Earth, and hence wou'd 
by alcalious Salts be reduced with more difficulty into a liquid Chyle. But 
as ſoon as ever now the Chyle is prepared, and from this there is a matter to 
be ſeparated, that is proper for the formation. of the Solids, then this aceſcent 


quality, 
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quality, neceſſary before in the Chy le, is intirely altered, and the Salts become 
of an alcaleſcent nature, which, uniting with the terreſtrial Elements they meet 
with, compoſe a Maſs not diſſoluble in Water, but fit to contain and keep 
the Fluids within their proper bounds. Bones, we experience, if they are im- 
mers'd in alcalious Fluids, retain their firmneſs; whereas, if they are kept in 
Acids they grow ſoft, even ſo far as to become flexible, as the great Ruyſch 
told me he had often taken notice of in his anatomical Inquiries. This, it is cer- 
tain, is very evident, that when the power which the human Body has of convert- 
ing Acids into Alcaleſcents, comes to fail, then the Bones, Cartilages, and 
Teeth, become lax, weak, ſoft, and flexible; as in ricketty Children, in par- 
ticular, falls continually under every ones Obſervation. Hence may Surgeons 
and Phyſicians learn, how imprudent it is to make uſe of the ſharper Acids 
for whitening the Teeth ; for tho' they flatter us with a preſent beauty, yet the 
Teeth by this means ſoon grow inſenſible, looſen, and drop out. How much 
better, therefore, for this purpoſe are the milder Lixiviums of fix*d Alcali's well 
diluted, by which the earthy Particles of the Teeth will be no ways injured. 
After theſe, Sulphurs offer themſelves next to our Examination, which tho' 
they are abſolutely indiſſoluble in Water, ſo long as they are alone, yet ſuffer Fourthly, 
a perfect ſolution in it when they are intimately united with Alcali's. And Suan“ 
hence again we may beſt underſtand the nature of ſulphureous Waters; for Alcali's. 
what I obſerved to you before concerning metalline medicinal Waters, holds 
true here likewiſe, But volatile alcaline Salts alſo, can ſo reſolve Sulphurs, as 
to render them capable of being diluted with Water: And hence it is evident, 
that Water aſſiſted by Alcali's, may be able intirely to diſſolve Sulphurs. 
And as this happens often in thoſe Sulphurs that lie intimately concealed within 
Metals, and Semi-metals, by this means, tho? before they were latent, they 
then come to light, and diſcover themſelyes openly. And hence it comes to 
paſs, that ſuch Preparations, which are trifling to Perſons acquainted with theſe 
_ things, are ſold about for the profoundeſt Arcana: And in this manner even 
Princes chemſelves have been impoſed upon. Thus we ſaw a Liquor prepared 
from Antimony, ſold under the grand Title of a Panacea. A few drops of 
this taken in a glaſs of Wine, was immediately to cure diſeaſes without any 
ſenſible effect: And, indeed, in ſome caſes it was of ſervice. But theſe ſecrets, 
when they come to be known, generally loſe all their reputation, and theſe 
monopolizers no longer enjoy the gain of their boaſted myſteries. After a pro- 
per Examination of the matter, I found this to be the Preparation, Upon na- 
tive Antimony, reduced by long rubbing to a very fine Powder, pour twice 
the quantity of Oil of Tartar per deliquium, or the Alcaheſt of Glauber; then 
digeſt them together in a tall Bolthead for a conſiderable time, and pretty hot, 
and the liquid Alcali will gradually diſſolve the Sulphur that lay concealed in 
the Antimony, and thus will extract a red kind of a Tincture, which has an 
igneous taſte, a diſpoſition anti-acid, is heating, aperient, diuretic, and diapho- 
retic. But to confeſs ingeniouſly, one may at once have as good a. Medicine, 
by boiling common powder'd Sulphur ina Lixivium of a fixed acrid alcaline Salt; 
as this Sulphur is perfectly of the ſame nature with that in the Antimony; and as 
the metalline part of the Antimony is no ways affected by the Alcali. It you take 
powdered Antimony too, and according to art manage it with an alcaline Spirit, 
prepared from Sal- Ammoniac, you " thence likewiſe procure a golden ſulphu- 
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reous Tincture, as formerly the illuſtrious Boyle plainly made appear, that ſuch a one 


Fifthly, the 
moſt tenaci- 


ous Reſins. 


r 


Elements of CurMISTRY, Part II. 


might be prepared with ſimple Sulphur, But to what purpoſe is it to diſcover 
theſe cheats? Mankind love to be deceived ; the rich frequently don't value things 
except they pay for them; and as for avarice, and extravagant pretenſions, 
there's no pretending to reſtrain them. 
Thoſe Bodies, likewiſe, that conſiſt of ſo tenacious a Gluten, that they abſo- 
lutely reſiſt the power of Water, may nevertheleſs, by being intimately 
united with either fixed or volatile Alcali's, be brought to be intirely diſ- 
ſolved in it; for by this means they loſe their tenacity ſo repugnant to 


this Element, which they then admit betwixt their ſeparated Particles, and ſo 


ſuffer themſelves to be diluted by it. And hence we obſerve, that the putrified 
Urine of Animals, the Fzces of burnt Wine, all forts of Soaps, Bile, Honey, 
Sugar, and the Volk of Eggs, if they are mixed with theſe Bodies, make ſuch 
an alteration in them, that they afterwards become difloluble in Water; ſo 
that the power which Water has of waſhing and ſcouring, depends almoſt up- 
on theſe alone. To this head belong Oils, Balſams, Colophonies, Reſins, and 
Gum-Reſins, all which at laſt come by this means within the reach of the ef- 
ficacy of Water, tho* they were perfectly indiſſoluble in it before. Theſe 
then, Gentlemen, are the chief things that occur to me concerning, the power 


of Water, as a diſſolving Menſtruum, that I can honeſtly deliver to you as 


matters of fact; nor do I know any thing more upon this head, but what 


may be referred to what has been delivered, I am well enough acquainted. 


with thoſe things, which the top Maſters of this Art have advanced in their Wri- 


tings z but the love of truth, and that integrity which is the diſtinguiſhing cha- 


racter of a good Man, and which I wou'd endeavour to have a proper regard to, 
won't ſuffer me to lay them before you as true. For to deal honeſtly with you, I 
am in doubt myſelf, whether they have not attributed more to their inventions, than 
was really in them. But let that be as it will, for my own part, I confeſs inge- 
niouſly, that I never have been able to diſcover thoſe ſingular Arcana, which 


they make ſuch a boaſting of. If you pleaſe, however, I'll juſt mention to you 


the Doctrine of Yan Helmont upon this Subject; and that aſſerts plainly, that all 
Bodies are by the Alcaheſt alone converted into a Salt, that has perfectly the 


Weight of the former Body, and may be intirely diſſolved in Water. If 


this was the caſe, it muſt neceſſarily follow, that the power of Water muſt 
extend univerſally over all Bodies: Nor, indeed, to thoſe who ſuppoſe that 
all things were produced from Water, is it ſo ſurprizing, that all Bodies what- 
ever ſhould be refolved into Water, Fire alone excepted, which, perhaps, for 
that very reaſon, they ſuppoſe not to be corporeal. I obſerved to you, in- 
deed, myfelf, when I was explaining the mechanical power of Water in So- 
lutions, that this, tho' of ſo exceeding ſoft a nature, if it falls from high, 
will in time divide every kind of Body whatever into exceeding {mall Particles; 
but that theſe, when thus ſeparated by the motion of the Water, continued af- 
terwards mixed with it, I cou'd never underſtand. I mentioned likewiſe 

hat Monſieur Homberg, a Gentleman of uncommon aſſiduity, and undoubt- 
eq veracity, has told us concerning Water's diſſolving all ſorts of Metals by 
being rubbed with them: But I cautioned you at the ſame time, that the Air 


had a free communication with them. which always makes an addition of al- 


moſt every kind of Salt, eſpecially in the Laboratories of the Chemiſts. For 


my own part, Water ſeems to me to furniſh only a Vehicle for the — 


— 


— — — —— 
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of Bodies, by which they may be capable of entering into Animals and Vege- 
tables, and there be mixed and applied, and bring about whatever is neceſſa- 
th either for the ſupport of their life, or increaſe of their magnitude: If this 
alone is wanting, the whole remains a dry unactive Maſs. And this ſeems to 


be the extent of its power. 

The Doctrine, then, of Water, as a Solvent, being thus laid down, it will Aqueous 
be neceſſary to ſay very little of watery Menſtruums; as it would be almoſt e 
only repeating the ſame things over again. A few Obſervations, however, 
which perhaps deſerve to be taken notice of, I ſhall here ſubjoin. | 

Hail falling in Summer time, after great Heat and Thunder, and catched in mail 
a clean Veſſel, has a different power from any other Water whatever; for this, 
of all Water, is the pureſt, as it was carried to a vaſt height in the Air, was 
congealed in the upper Regions of the Atmoſphere, and thus in a ſolid form 
deſcended to the Earth. | - | 

Snow that falls in Winter, when it is exceeding cold, and there's no Wind, Snow, 
if you collect it in a high ſandy deſart place, and take it juſt from the top as 
ſoon as ever it comes down, produces the pureſt Water next to Hail. 

Dew 1s a confuſed mixture of a great many things together; for in this Dew. 
are aqueous, ſpirituous, ſaline, and oily Vapours, and dry Exhalations of every 
kind whatever. And on this account it differs prodigiouſly from every other 
aqueous Menſtruum: For it is generated only after a long continued Heat has 
ſcorch'd up the Earth; and conſequently, when the Rays of the Sun, by 
their great ſtrength, have carried up into the Air Particles more fixed than 
thoſe of Water, which afterwards, when the Heat begins to abate, deſcend 
again upon the Surface of the Earth, Water, Plants, and Animals, and fill 
the dry and parched ground with a freſh ſupply of moiſture. And hence, as I. 
told you before, the virtues of it can ſcarcely be determined, or reduced un- 
der any head. And indeed ir is a collection of ſuch different Principles, that 
I don't wonder many perſons ſhould have imagined that there lay concealed 
in Dew, the latent Matter of a univerſal Salt, from which might be produced 
a Salt, which they -call'd ((Congelatus mundi Spiritus) The congealed Spirit of the 
World. But J paſs by theſe things, to proceed to the other Species of Men- 
ſtruums, adding nothing more than this one caution, that the Water in the 
Air very often performs the office of a Menſtruum, where perſons unwarily 

imagine, that the effects are owing to the proper efficacy of the Air, 


Of Oils, and oily Menſtruums. 


Of the Character and Nature of Oils, I treated before, in the Hiſtory of ois. 
Animals and Vegetables, when I laid before you the different parts into which 
thAr compound fabrick might be reſolved, p. 38, 43, and again, when I was exa- 
mining the Pabulum of Fire, p. 175, 208, Oil then, to be conſidered now properly 
as a Menſtruum, is a fluid Juice, or that may by a gentle Heat be rendered ſo, 
pipguious, inflammable when it is hot, and by no means miſcible with Water. 
If any one imagines, that Alcohol ought to be ranked among the Oils, 
tis excepted only by the laſt property, as this will readily enough mix 
with Water: In all the other qualities of Oil, it perfectly agrees with it. 
All Oils, now, that have ever fallen under our Obſervation, are either na- 
tive, as they exiſt in the Bodies they are generated in; or are 1 by 
T3112 —.— aTts 
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Art, the chemical one in particular, and then are always changed from their 
natural diſpoſition. Nor can we help making this diſtinction between them, as on 
account of their ſurprizingly different efficacy as Menſtruums, they are abſo- 
lutely diſtinct from one another. Oils, then, or native oily Juices, are every 
where diſcovered as ſuch, both in the Foſſil, Animal, and Vegetable Kingdoms: 
When Art, which makes ſome alteration in them, is called in to ſeparate them 
from their proper repoſitories, it effects this, firſt by boiling pinguious Sub- 
ſtances in Water, by which means the Fat being melted, and freed from its 
confinement, riſes to the top of the Water, and may be there collected, not a 
great deal altered from its proper nature. A ſecond method of procuring 
them, is by pounding the oily Subſtances very well, and then putting them be- 
tween two hot iron Plates, and with a Preſs preſſing out the Oil. And in this 
calaſe too, if you don't make the Plates too hot, the Oils will be very little dif- 
ferent from the native. Sometimes they are ſeparated likewiſe by bare melting 
them; and then the Bodies that abound with the oily Matter, are gently tor- 
rified with a proper Fire, by which means their Oils and oily Subſtances are 
forced out, and ſo collected. This, in the Preparation of Pitch from the Co- 
niferous Trees, is ſufficiently evident. Upon this head the Treatiſe of Axis 
deſerves to be conſulted. Laſtly, theſe Oils are drawn from Bodies by Di- 
ſtillation, and that either by carrying them up by the help of Water, or Fire 
alone; or drawing them off (per latus) obliquely, as in the retort; or deter- 
„ mining them downwards, which is called per deſcenſum. 
Fhat do not In theſe laſt Oils, which for the future we ſhall call diſtilled Oils, it is al- 
corgele moſt conſtantly obſerved, that they have never been found to have been fro- 
Zen in the greateſt degree of Cold, but have always retained their fluidity. 
But among the expreſſed Oil, ſome have been obſerved to harden with a ſharp 
Cold into a folid Maſs, compoſed of little Spheres united together, as is ſuffici- 
ently known in Oil of Olives, Rape Oil, and many more; whilſt others, as 
we ſee in Linſeed-Oil, won't congeal even in a ſevere Froſt, With regard 
now to this remarkable difference in theſe Oils, I have not, upon the moſt care- 
ful Examination, been at all able to diſcover what ſhould be the cauſe of it : 
I refer it therefore to ſome ſecret quality, which we are forced to acknowledge, 
diſcovers itſelt only by Experiments, nor can be reduced to any known Law, 
It is a vaſt happineſs, however, to mankind, that ſuch a matter ſhould have 
this property of continuing liquid in a moſt intenſe Froſt, which at the ſame 
time, by means of a Wick once ſet on Fire, is capable of ſupplying us with 
light. But here we muſt farther obſerve, that the proper diſſolving action of 
thoſe Oils that will thus freeze, begins then only, when they are in the very 
next degree to congealing, but ſtill appear in their liquid form : As therefore, 
ſome of theſe Oils freeze ſooner than even Water itſelf z hence their diſſolving 
power is, with reſpect to Cold, included within a narrower compaſs than that 
of Water. Thoſe Oils, on the other hand, that keep fluid in the greateſt na- 
tural Cold, always retain their diſſolving faculty. Hence, therefore, it appears 
at one view, that it is impoſſible to fix any one certain point of Heat, from 
which the power of Solution of all Oils in common ſhall begin; tho? this in 
any one Species of Oil may be nearly determined, when once it has been ac- * 
curately obſerved. If we conſider now this property of Oils, how ſurprizingly 1 
da we find, that Oil of Linſeed, tho? it retains its fluidity in the mos 
| ro 
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Froſt, has really at that time no more heat in it, than the hardeſt Ice, or Pl 
we: other frozen Oil? wt ; 

But farther, if you apply Fire to Oil, and increaſe it very cautiouſly and Admit of 2 
gradually, when it comes to a heat of 212 degrees, which is that of boiling .. 
of Water, it is then very far from boiling. Water, now, when it once comes to 
boil, cannot, by the application of the ſtrongeſt Fire, have any more heat com- 
municated to it; but Oil from the degree 212 grows gradually hotter and hot- 
ter, and before it boils is found to have admitted 600 degrees. No wonder, 
therefore, that boiling Oil ſhould be ſo much hotter, and burn more terribly, 
than boiling Water. Sur here, too, we obſerve, that all Oils, if they are ex- 
poſed to the ſame Fire, don't boil equally ſoon: Thoſe, for inſtance, that are 
Iighter, and more ſubtil, boil. eafier, and acquire leſs heat; whilſt others take 
up more time, and grow hotter : Thus rectified Oil of Turpentine boils pretty 
ſoon ; Linſeed Oil with more difficulty. Hence, then, we perceive how dif- 
ficult it is to determine the power of Oil as a Menſtruum; for in Oil of Lin- 
ſeed, for inſtance, this power begins at the greateſt degree of known Cold, and: 
Increaſes to the degree 600, and in every degree of increaſe it always acquires. 

a new active vertue, and that, whether you apply it to the ſame Body in dif- 
ferent degrees, or to different Bodies in the ſame degree, or different ones. In 
both theſe reſpects, therefore, you ſee there is an infinite latitude. But to 
make theſe things evident by ocular demonſtration, LT, | 

In the firſt place, then, you ſee this braſs Kettle, which contains ſome pure This appears 
Rain-water. Into this I ſet three Boltheads, as near as poſſible of the ſame by one Ex- 
ſize, and figure, and filled nearly to the ſame height, one with Alcohol, ano- ?“ W WW. 
ther with diſtilled Oil of Turpentine, and the third with Oil of Olives: And 
In the Water, with them, I place one of Fabrenbeit's mercurial Thermometers, 

I now apply Fire under the Kettle, and keep the Water continually ſtirring, 
that it may be heated as equably as poſſible. The Water in the Kettle, now, has at 
preſent acquired a heat of 175 degrees ; and now- you ſee the Alcohol in the 
firſt Glaſs boils pretty ſtrongly ; this, therefore, I remove. The Water being 
kept frequently ſtirred, and growing hotter and hotter, has now arrived to the 
degree 2133 and that you fee, now, boils likewiſe z nor does the Mercury in 
the Thermometer dilate itſelf any farther, though, as you obſerve, I increaſe the 
Fire, ſo as to make the Water boil very violently. But the Oil of Turpentine, 
now, does not give the leaſt ſign of any ebullition in the ſecond Glaſs ; nor 
the Oil of Olives in the third. Here, then, you perceive this ſurprizing differ- 
ence: Alcohol, though a very ſubtil, inflammable Oil, boils a great deal ſooner 
than Water; Oil of Turpentine, which is ſo much lighter than Water, and. 
pretty ſubtil too, is not at all put in motion with the heat of boiling Water, 
though this Oil is inflammable likewiſe ; nor has the boiling Water more 
effect upon the Oil of Olives: Neither inflammability, therefore, nor levity, 
nor volatility, can be the occaſion of this-difference, ſince Oil of Turpentine 1s 
ſo volatile, that it riſes in diſtillation with boiling Water. 

But pleaſe to attend to a ſecond Experiment. With the very ſame Appa- Another: 
ratus as before, inſtead of Water, I have put in the Kettle the ſtrongeſt Brine 

of Sea Salt that can be procured by boiling Water. To this, now, I apply 
Fire, as in the other caſe, and keep the Brine ſtirring, too, in the ſame man- 
ner. You ſee, now, here again, that as ſoon as the Brine comes to be 
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The Thermometer is now riſen to the degree 218; and now the Brine begins 


A Third. 
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ed to 175 degrees, the Alcohol boils as before; which therefore I take away. 
to boil, likewiſe ; which, therefore, you perceive requires 5 degrees more to 


bring it to this ſtate, than pure Water. The Thermometer, however, in this 
caſe, will ſtill continue to aſcend gradually a little higher; becauſe in this ſtrong 


ebullition the Water continually evaporates, and the remaining Liquid of con- 


ſequence grows denſer, which at laſt would be nothing but mere Salt. In this 
Experiment, therefore, when we have once obſerved the degree of heat at which 


the Brine begins to boil, it is ſufficient. The Oil of Turpentine, in the mean 


time, and the Oil of Olives, diſcover, as yet, no ſigns of ebullition. 

Bur to proceed to a third, which I ſhall perform with a great deal of caution, 
In this ſmall Vial, the Bulb of which is of an equable capacity, and the neck 
pretty long, I have put ſome Oil of Turpentine, which fills 5 of the Bulb. 
The whole Vial, now, both Bulb and Neck, I heat gradually and equably, 
left otherwiſe it ſhould fly when it comes near to the Fire. The Glaſs, then, 
and Oil being thus heated, I hold it over the clear Coals in this Chaffing- 


dilh, bringing it continually nearer and nearer to the Fire. Are not you ſur- 


Prized, now, that it don't yet begin to boil? But obſerve it, now it juſt touches 


the Fire, and you may perceive an ebullition: And you ſee, too, it don't boil. 
gently, but vehemently ;z and at the ſame time makes a conſiderable noiſe. And 


though I have now removed the Vial from the Fire, you obſerve the agitation, 


noiſe, and ebullition, continue a good while in the Oil, though both Alcohol 


and Water preſently ceaſe boiling when they are taken off the Fire: But you'll 


want to know what degree of Heat this Oil acquired before it began to boil: _ 


This you may diſcover in the following manner. Take ſome Linſeed-Oil, in 


a braſs Veſſel, place a mercurial Termometer in it, and the Vial with the Oil 


of Turpentine, and ſet it over the Fire; you will find, then, that the Oil of 


Turpentine in the Vial will boil a good deal ſooner than the Oil of Linſeed inthe 


Veſſel, and at the ſame time the Thermometer will indicate the degree, which, 
if I remember right, I found to be 560. As this Oil, now, in boiling ſends 
off its more volatile parts, the re/iduum, which will be thicker, will require 
preſently a greater heat to cauſe an ebullition. And this more difficult ebulli- 
tion, and neceſſary communication of a greater Heat, will increaſe every 
moment, in proportion to the ſpiſſitude of the remaining Oil. Hence, there- 
fore, it will not appear ſurprizing to the Phyſicians, that theſe thick Oils, 


when they are put in agitation, produce ſuch a prodigious Heat; which Ob- 


A Fourth. 
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ſervation, if I am not much miſtaken, is both exceeding beautiful and uſe- 
ful. But theſe agreeable ſpeculations carry me beyond my purpoſe. 
But to proceed to a fourth Experiment. I have here in this Vial ſome 
Oil of ſweet Almonds freſh drawn, which, after all the cautions obſerved in 
the former Experiments, I at laſt ſet on the open Fire, till the Glaſs is read 
to melt; and now you ſee the Oil begins to boil, not before. And the mo- 
tion you perceive of this Oil, when it boils, is quiet, equable, and without 


2 and continues ſo to the end; and yet the Heat of this is more than 600 
egrees. | | | 


application and increaſe of Fire, which is almoſt three times greater than that 
of boiling Water, we very eaſily perceive, that the. diſſolving power of Oil, 
—_— MS conſidered 


From the conſideration, now, of the Latitude in which Oils will bear the 
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conſidered as it depends upon Fire, muſt be proportionably ſo much greater in 
Oil than in Water. For as moſt Oils retain their fluidity at the firſt degree of 
heat in the Thermometer, in which Water begins to freeze at about 33 and 
as the compaſs of Heat which Water can paſs through, whilſt fluid, is but 
180 degrees, viz. from its freezing point 33, to that of its ebullition 213, 
whereas from the firſt degree of Linſeed Oil's fluidity to that in which it 
boils is at leaſt 600: Hence it evidently appears, that the poſſible power of 
the Fire in that Oil, is to the ſame in pure Water, as 10 is to 3; which 
what mortal living could poſſibly have diſcovered a priori? But if we conſi- 
der farther, that many Oils, when they are inſpiſſated, will take in ſtill a good 
deal more Fire, we ſee, that the power of Fire in Oils will be fill farther 
extended. 555 55 

In the mean time, however, this is moſt certain, that if any of the parts, The power 
or the whole Bodies of Animals or Vegetables are accurately immerſed in Oil, of warm Od 
they will keep them without alteration, ſecure from diſſipation, fermentation, e 
or putrefaction; and they may be preſerved in this manner, though the heat Vesetables. 
of the Air ſnould be as great as has ever been naturally obſerved. Inſects, too, 
that are ſo very troubleſome in this particular, will be kept off, likewife, by 
the Oil that ſwims at top; ſo that by this means they will remain intire, as 
long as they are thus defended. And, indeed, when theſe ſubſtances have been 
ſo long immerſed in Oil, that they are perfectly penetrated in all their parts, 
they then ſeem to have acquired an almoſt incorruptible nature, and may be 
preſerved a prodigious while. This appears evidently in Bodies that have been 
thus treated; upon which principle depends chiefly the art of embalming; of 
which by this means we diſcover both the origin and efficacy. 

But when Bodies, now, are ſuddenly thrown into boiling: Oil, they preſently The ee 5 
acquire a hard, and almoſt ſtoney Cruſt over them, which is of the ſame colour of bois 1 
that they get by being expoſed to the open Fire, viz. yellow, red, and at laſt d dme, 
black. The other part, in the mean while, that lies under this Cruſt, being 
agitated by the prodigious heat of the ambient, boiling Oil, and having its 
motion at the ſame time repell'd, ſtopp'd, and as it were ſuffocated, is ſur- 
prizingly altered, concocted, digeſted, and maturated, and at laſt grows con- 
ſolidated, and is exceedingly well fitted for keeping a long time. But when 
the ſubſtances, that are thus immerſed in Oil boiling hot, are full of aqueous 
Juices, as Fleſh or Fiſh dried on the out- ſide, then theſe humours being agi- 
tated under this Cruſt, with more than a boiling heat, the parts grow very 
tender, retain all their juices, and become exceeding well fitted for digeſtion: 
and nutrition. And Meats thus prepared too, are very durable; for all the- 
principles of Bodies, treated in this manner, being intimately united together, 
and helping to render one another more perfect, produce a ſubſtance ſecure 
againſt any inconvenience from external cauſes, ” 

From what has been ſaid, then, we may by the way deduce ſome truths, Corotlaries | 
which one would ſcarcely have expected. In the firſt place, then, it appears H. 
hence, that the degree of heat which Fire is capable of communicating to 
Bodies, is not in proportion to the denſities of the Bodies heated. Secondly, 
that the ſame Body, if it is gradually rendered denſer, will admit a greater 
quantity of Fire, in proportion to the increaſe of its ſpecific gravity, T hirdly, 
that a Body's being capable of taking 1n a larger quantity of Fire, does nos 
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Elements of CHEMISTRY, Part II, 


depend upon its combuſtibility. Alcohol, when it once comes to boil, admits 
no more Heat or Fire; nothing in nature is more combuſtible than Alcohol; 
and yet there is no Liquor that we know of, which will not receive more Heat 
than this. Here again, then, we ſee how difficult it is to come at general 


truths; and that the true properties of Bodies muſt be determined by an ex- 


amination of the particulars. From theſe things, then, thus firſt demonſtrated, 
we may deduce a great many Corollaries, of which this is a remarkable one, 
that we may diſſolve ſome Metals intimately in ſome ſorts of Oils, ſo that by 
this means there ſhall ariſe a Mixture, which will not eaſily again be reſolved 
into its principles. By this Art there have been ſome valuable ſecrets found 
out, both in Mechanics and Phyſick, which we could not want, without a 
good deal of inconvenience, 

But to return to our Experiments, A fifth, now, I am going to make be- 
fore you, that I never exhibitted in this manner before. Into his Vial I have 
put half an ounce of Minium, and now pour on it an ounce and a half of 
Oil of Olives, which, by ſhaking, I mix thoroughly together. And you ſee 


I have made choice of the ſame fort of Veſſel J made uſe of and deſcribed be- 


fore, and have uſed the ſame caution in gradually heating it at a diſtance. I 
now hold the Bulb of it juſt over the Fire, till the Oil begins to boil, and you 
perceive, now, the Liquor is boiling hot, the powder of the Minium is diſ- 
ſolved, mix'd with it, and compounded with it, into one Maſs. But at the 
ſame time, you obſerve, likewiſe, that this Mixture was not effected till 


the Oil was brought to a prodigious degree of heat, which the Minium, then, 


was no longer able to reſiſt, Hence, then, we learn how to prepare a Balſam 


of Metals, and a Cement, that will powerfully reſiſt Water. But a ſixth, 


Which is a new one, likewiſe, and more ſurprizing, I perform in this manner, 
Into this Vial I have put half an ounce of Shot, and I now pour upon it an 


 -ounce and a half of Oil of Olives; and, with the ſame caution as before, 


ſet it over the Fire. Who, now, would have believed what we at preſent ſee? 
viz. that the Lead melts and runs, like Water, at the bottom of the Glaſs, 
though: the Oil don't boil, nor ſo much as emit any Vapour. Hence you 
ſee Glaſs is melted with more difficulty than Lead. But now, whilſt I hold 
it in a ſtronger heat, and the Oil begins to boil, you obſerve, the Metal be- 
gins, likewiſe, to be diſſolved by it. Glaſs, however, you ſee, will not be 


diſſolved by Oil, let it acquire whatever degree of heat it is capable of. Hence, 


therefore, we ſee why melted Lead burns leſs violently than boiling Oil; and 
for this reaſon it will bear being handled immediately, if the perſon's hands 


are incruſtated over with a very dry Chalk. If any perſon, here, has a mind 


to imitate this Experiment, let me warn him to do it with a great deal of 


caution, or otherwiſe it may prove a very fatal one: For if a drop of Water 


ſhould any ways come into the Vial, it would all burſt to pieces, with a vaſt 
impetus, and bring the Operator into imminent danger. Let me warn you, 
likewiſe, that the Vapours which ariſe from boiling Oil are ſometimes of a wa- 
tery nature, which being collected in the neck of the Glaſs, and trickling 


down again in form of drops of Water, would occaſion the ſame misfortune 3 


for Lead in fuſion is vaſtly impatient of Water, A ſeventh Experiment let 
us make with Tin; of which I have here half an ounce, mixed with an ounce 
and a half of Oil of Olives, which, in the ſame manner as before, I fet over 
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the Fire, You ſee, now, the Tin runs like Water at the bottom of the Glaſs, 
and though I put it in, in Filings, it is collected into one Maſs. You perceive, 
likewiſe, that it now begins to be diſſolved and mixed with the Oil. But eighth- 
ly, and laſtly, I have here a compoſition of Lead and Tin mixed together in equal 
proportion, whilſt they were in fuſion. Of this Maſs I have taken half an ounce 
and poured upon it an ounce and a half of Oil of Olives. I keep it now 
upon the Fire, as before, till it boils. You ſee, then, the metalline Maſs melts 
and runs a great deal before the Oil begins to boil, and ſooner than either the 
Tin or Lead would have been melted alone. There are many more curi- 
ous things of this nature, but I muſt proceed no farther upon this head, as I 
have been rather too prolix already. 
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Give me leave, however, juſt to mention a few things to you, that follow Corollaries 


from what has been ſaid, and are worth taking notice of. Firſt, then, Oils a. #® 


are diſpoſed to 'receive and retain a great deal of Fire in them before they 
thoroughly boil. Secondly, there is not any one known Fluid in Nature, to 
which more heat may be communicated, than to Oil; for all Lixiviums and 


Oil of Vitriol boil ſooner, and grow leſs hot; Mercury, too, ſooner in ſome 


meaſure, or perhaps equally. Thirdly, Oils may be urged with a prodigious 
force of Fire, before they will be diſperſed into Vapours, and riſe out of the 
Veſſel in which they are contained. In the fourth place, Oils are capable of 
communicating their heat to the Veſſels in which they are boiled ; and hence, tho' 
you may boil Water in a leaden or a tin Veſſel, yet you can't boil Oil in the 
lame before they will melt. Fifthly, Oils communicate their heat to Metals 
that are put into them. Sixthly, it is not eaſy to give Oil a greater degree of 
heat than what it naturally acquires when it is made to boil. If any perſon has 
a mind to increaſe this collect ion of Fire in Oils, he muſt contrive ſome me- 
thod to compreſs it in its Veſſel, with a greater force than that of the com- 


mon Atmoſphere, and then, indeed, the heat will be augmented proportion- 


ably, as we took notice before in Water and Air. And hence we eaſily con- 
ceive, that if Oil, when in the deep receſſes of the Earth it is compreſſed by 
a vaſtly increaſed Atmoſphere, ſhould happen there to meet with any great Fire, it 
might conceive an immenſe heat. And if then, whilſt it was thus prodigi- 
ouſly hot, it ſhould chance to have Water break in upon it, what Earthquakes 
might be hence produced? Without doubt vaſtly exceeding all imagination: 
May any thing now of this kind poſſibly happen in Mount Ana, Veſuvio, 
Hecla, and other Yulcano's ? Certainly, amongſt other cauſes, this deſerves 
ſome regard with the Philoſophers. Seventhly, liquid Oils will not permit a 
greater heat to be communicated to the Veſſels that contain them, than they 
actually have in themſelves ; and conſequently will prevent Fire's melting any 
Veſſel that requires more than 600 degrees of heat to effect it. And eighthly, 
and laſtly, here again we obſerve, that the wiſe Author of Nature has ſet li- 
mits to Fire, that in Oil, a Matter vaſtly inflammable, it might not grow in- 
ſuperably violent. : 8 . 

But farther, in explaining the diſſolving power of Oils, it is abſolutely ne- 


ceſſary we ſhould add this conſideration, that the expreſſed crude Oils of Ve- _ 


getables always contain ſome Water, This is evidently ſeen in expreſs'd Oil 

of Almonds, by boiling it in a Bolthead ; for then the watery Vapour that 

ariſes, being ſtopp'd upon the Sides of the on neck, is there plainly We. 
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ed in form of drops; and theſe afterwards running down again into the boiling 
Oil, produce a pretty extraordinary motion, noiſe, and crackling within the 
Glaſs, Hence, with reſpect to this latent Water, Oils act differently upon their 
ſolvend Bodies, in different degrees of heat; and the cracklings likewiſe that 
are produced during the ebullition make ſome variation in the ſolution. And 
for this reaſon, when by boiling a good while the Water is expelled, the power 
of an oily Menſtruum is conſiderably altered, nor diſſolves Bodies in the ſame 
manner as a crude one. | 3 
But thoſe Oils, likewiſe, beſides a Water, generally contain ſome ſubtil Salt, 
for the moſt part a volatile, acid one, which in many of them almoſt diſcovers 
itſelf by its Smell, and is of an exceeding penetrating nature. Theſe Salts ap- 
pear, and ſhow themſelves in form of acid Spirits, which collect themſelves to- 
gether like Water, ſeparate from the Oil, nor will eaſily ſuffer themſelves to 
be mixed with it again. It is not ſo eaſy, however, to difengage this Acid 
from its Oil; for if you take the native Oil that ſpontaneouſly oozes out of 
the Firr, Larch-Tree, or Pine, and gradually melt it over the Fire, then 
from the beginning to the end, both in a ſmall, and the greateſt degree of 
heat, this acid Spirit will be ſeparated from it; though at the beginning, 
indeed, with more caſe, and in greater quantity. And the ſame thing holds 
pretty nearly, more or leſs, in the others. | | 
Whenever, therefore, the Chemiſt would accurately determine the diſſolvin 
power of theſe Oils, he muſt always firſt carefully conſider, whether the effect 


performed by the Oil was not owing rather to the Water, or the Acid, than 


to the proper Oil itſelf ; for otherwiſe we may be liable to run into ver 
great errors. The Painters inform us, that thoſe Paints that are diſſolved in 


boiled Oil, are much readier taken in than thoſe that are mixed with crude, 


and that the Paintings with the former dry pretty ſoon, whereas, thoſe Colours 
that are mixed with crude Oil, loſe more of their native beauty, and are a 
great while a drying. And in the ſame manner, that particular power, 
which the fofteſt Oils are ſaid to have, of diſſolving Metals in a gentle heat, 
ſeems as if it ought chiefly to be aſcribed to their latent Acid, and by no 
means to their true oily part. Thus, for example, if you mix the ſoft 
Oil of Olives, with a very fine powder of Iron, Braſs, or Lead, and then di- 
geſt them together for a good while in a gentle heat, part of the Metal will 
be diſſolved and mixed with the Oil, will give it a colour, and often impregnate 
it with ſome remarkable vertue. But to ſuppoſe this to be the real diſſolvin 
power of Oil, as Oil, is to extend it beyond its proper limits; for when, by a 
continued ebullition, it is thoroughly freed from this adhering Acid, it then 
retains this power no longer. And thus the Poliſhers of Braſs and Iron have 
long obſerved, that if theſe Metals, when they are poliſhed, are expoſed to 
the Air, they can't be kept from contracting Mould and Ruſt, by only rubbing 
them with crude Oil, though they may be very well ſecured by boiPd, 
eſpecially if there is a little Ceruſs, or Lead Ore, boil'd in it, by which all its 
acidity is abſorb'd, and it is excellently well fitted to defend the beauty of 
ſuch Bodies. And that there is in diftilled Oils the ſame Acid the egre- 
gious Hoffman has demonſtrated by an elegant Example, in his valuable Phy- 
fico- Chemical Obſervations. p. 56. 57. Where, by rubbing diſtilled Oil of Lavender- 
flowers, and diſtilled Oil of Turpeatine, with Salt of Tartar, he obſerves : 
| | neutra 


Theory of the A R T. | - gps 
neutral Salt to be hence produced, ariſing from this Alcali, and an Acid 
drawn out of the Oils. And laſtly, even a gentle diſtillation of theſe Oils, 
will extract ſome Salt from them; as we ſee in Oil of Turpentine and Juniper, 
which being treated in this manner, yield ſomething of an Acid, 

And as for Oil diſtill'd from alcaleſcent, or putrefied Vegetables, or the A volatile 
parts of any Animal whatever, this abounds ſo plentifully with volatile al- AH often 
caline Salts, that theſe are ſeparated from them, in large quantities, by a gentle e 
Fire, and appear in ſolid little Glebes, as white as Snow. If you would attempt 
therefore to explain the proper vertues of Oils, you muſt firſt carefully free 
them from all their Salts, and then, by examining them when they are 
pure, you may be able to judge of their vertues without danger of miſtake. 

But before we treat of Oils as Menſtruums, it is ſtill much more neceſlary Simple Oils 
and uſeful, to conſider how long Oils do actually continue Oils. And here 
there occur many ſurprizing Phenomena : For Oils, either prepared with Wa- 
ter per Yejicam, or drawn with a dry Fire in a Retort, whether ſweet. ſcented, 
or fetid, if they are cautiouſly diſtilled in a Retort to a dryneſs, the Veſſels 
being kept accurately cloſed, they leave an Earth at the bottom, gradually loſe 
their viſcidity, and grow more ſubtil, fluid, and tranſparent, And if you 
repeat this operation to the fourteenth time, or oftner, you conſtantly have 
an Oil different from the former, and every time ſome remainder, till at laſt 
you thus procure a penetrating anodyne Medicine, mighty efficacious in ſome 
grand diſeaſes : But every repetition, likewiſe, you have a different Menſtru- 
um. And hence Van Helmont, the Father, in his Aurora Medicine, publiſhed 
in Dutch, p. 188, by a repeated diſtillation of human Blood with Spirit of 
Salt, till no Fæces remain, thinks he prepares a diaphoretic Medicine, which 
like a Menſtruum diſſolves all thoſe preternatural viſcidities in the human 
Body, which often give riſe to fatal obſtructions. The famous Hoffman, too, con- 
firms the preparation of ſuch a Medicine, and highly extols it for its ver- 
tues. Ob}. Phy. Chem. p. 59. And another Author, tho? leſs indeed to be 
depended upon, was bold enough to aſſert, that in ſuch an Oil as this you 
have a univerſal Medicine. But theſe things the Chemiſts of former ages 
have given us an account of. And indeed this is certain, that from Oils 
treated in this manner, ſuch Menſtruums are procured as have an excellent 
and ſcarcely imitable diſſolving power. Upon this head, Raimund Lully and 
Iſaac Hollandus have given us whole proceſſes, which are fully enough deſcribed, 
and deſerve conſulting. | 

And laſtly, every kind of theſe Oils contains farther ſomething vaſtly ſub- Anda Sin- 
til, and volatile, which reſides in them, but ſtill may be ſeparated from R. 
them: This we treated of formerly, under the title of the Spiritus Rector, or 
Archæus. This Spirit is active, odorous, ſapid, the Son of Fire; and is the 
true cauſe of incredible effects. This being generated in the Oils, and held 
down, and retained in them, endues them with a ſingular vertue, very effica- 
cious, and ſcarce to be found any where elſe: And hence, when it comes to 
be perfectly ſeparated from them, it leaves them vaſtly leſs active, nor 
hardly any longer diſtinguiſhable from one another. And as from many of 
them it ſpontaneouſly exhales with a gentle heat, it ſoon mixes itſelf with the 
Air, and leaves them effete, and incapable of performing what they could 
before. Thus then I have ſaid enough of Oils to enable us to. come to. a 
2 | Kkk2 certainty 
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certainty about their effects, conſidered as ſimple and homogeneous. And, 
indeed, the diſſolving power of pure Oils ſeems chiefly to conſiſt in their 
being able to admit a prodigious heat into their ſubſtance, and communicate 
it to other Bodies. N | 

In the firſt place, then, Oils will mix with Oils ; moſt of them with all 
others. Some, indeed, there are, that will not mix ſo eaſily, as appears in 
the diſtillation of Turpentine and Amber, where the Oils that riſe in differ- 
ent degrees of heat, are found to be different in weight, thickneſs, colour, and 
ſituation, nor ſuffer themſelves to be readily mixed together. The reſt mix 


very eaſily. Secondly, true reſinous Bodies melt, and are then ſufficiently 


Alcohol 

among the 

ſecret Men- 
rum:. 


mo 


diſſolved in Oils. As, thirdly, are moſt ſort of Gums, eſpecially if they 
have any thing of Reſin mixed with them. Fourthly, Oils that are thicken'd, 
or, as they are called, Balſams, Tears, and Colophonies, are all diluted in 
Oils. As, likewiſe, fifthly, Sulphurs themſelves, whether found naturally 
in the Mines, or produced by Fire, and that both liquid and ſolid ; for theſe all 
ſuffer themſelves to be diſſolved by Oil, even though they lie concealed in 
other Bodies. Thus Antimony, if it is reduced to Powder, ſublimed into 
Flowers, and then boiled with Oil, will in a ſhort time yield a thick, red 
Balſam of Antimony, ariſing only from the Sulphur of the Antimony, re- 
ſolved in the Oil, whilſt the reguline part remains unaffected, but deprived 
of its Sulphur. And the ſame thing holds true, likewiſe, in other ſemi- 
metals, that abound with Sulphur, | 


Of proper ſpirituous Menſtruums, or Alcobol, 

Thoſe Alchemiſts, who were reckoned among the Adepts, throughout all 
their Writings make mention of Spirit of Wine. And this, when it was re- 
duced to the greateſt ſubtlety, they made uſe of, in the preparation of all their 
other ſecret Menſiruums. This is evident in the Circulatum of Paracelſus. 
And for this reaſon, the indefatigable Weidenſeldius was induced at laſt to 
believe, that theſe Adepts have plainly enough deſcribed all their Arcana, 
except their philoſophical Spirit of Wine, which, was it once come to be 
known, every thing would be ſufficiently clear. Whether this, however, be 
really the caſe, I have reaſon to doubt; and, indeed, it is eaſy to make it 
appear, that the Spirit of Wine, which theſe famous Authors deſcribe by its 
proper marks, is the very ſame that we have ar preſent. This its ſubtlety ; 
volatility; the manner of its preparation; its fragrance ; the ſtreaks that run 
down in its diſtillation ; its burning away without any Water remaining; the 
burning of a Cloth wetted with that Spirit; its union with Salt of Tartar 
its adunation into the Offa Helmontiana ; the extraction of the ſubtil Sulphur 
of Animals, Vegetables, and Foſſils with it; and laſtly, its balſamic property 


of preſerving Bodies, and ſecuring them from putrefaction, abundantly demon- 


ſtrate. Beſides theſe properties, however, that we find in our Alcohol, theſe great 
men, I confeſs, aſcribe other vertues to it, which at preſent we are not able to diſ- 
cover, as in particular its power of diſſolving Salts : But then it ſtill remains a doubt, 


whether this difference ariſesfrom our not knowing the proper Spirit, or from our 


not knowing ſome ſecret, but neceſſary method of preparing theſe Salts. Let this, 
however, be as it will, it is certain, there is often in thoſe things ſomething 


very ſurprizing. Some of the top Maſters in Chemiſtry have publickly de- 


clared 
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clared in their Writings, that it is not poſſible to unite Alcohol with a pure 
fixed Salt; and no- wonder: For if the leaſt moiſture conceivable has infected 
either the Alcohol, or the Salt, they can never be perfectly combined to- 
gether: But when pure Alcohol, and perfectly dry Salt of Tartar are mixed Maybeunit- 
together, a ſaturated tincture is ſoon extracted, and there is a true combination roy 
of the Alcohol and Tartar, For theſe Reaſons, then, we can't ſufficiently in- 
quire into the nature of this Liquor, to which, on account of its excellence, 
we give the firſt place among ſpirituous Menſtruums. This Alcohol, then, 
is obtained from nothing but Vegetables; and from them, only by Fermen- 
tation and Diſtillation. The beſt is prepared from Wine, Hydromel, and Malt 
Liquor. . Theſe Liquors themſelves, if they are thrown upon Fire, put it out; 
and yet the Fluids that firſt riſe from them in diſtillation, which are ſome- 
what pinguious, limpid, ſapid, and odorous, and are then called Spirits, up- 
on the application of Fire to them, burſt into a Flame, and burn away, tho? 
they are ſti]] very readily mixed with Water. And when afterwards by pro- 
per methods the Water is intirely ſeparated from them, they then become 
true Alcohol, which we deſcribed before, when we treated of the Pabulum 
of Fire, p. 187, & ſeq. Hence Alcohol, upon every account, ſeems to be 
an exceeding ſubtil vegetable Oil, which, whilſt it was thicker, conſiſted of 
Particles, which ſtrongly attracted one another, collected themſelves into drops, 
repell'd Water, and refuſed to be mixed with it, but being converted into 
Alcohol, have loſt a good deal both of their attractive and repulſive power. 
Hence Oil comes to be called Alcohol, when it will mix with Water, and 
at the ſame time will totally burn. The Oils of Animals and Vegetables, 
likewiſe, may be altered and attenuated, in ſuch a manner, by a perfect 
utrefaction, as to be become ſo ſubtil and volatile, as to take Fire, whilit 
they are diſperſed in the Air. Nay, and by repeated diſtillation, thoſe Oils, 
in particular, come to be ſo exceeding fine, that they will bear in ſome 
meaſure to be diluted with Water, though not ſo readily as the former 
Spirits. Before, now, we can pretend to give any account of the difloly- 
ing power of theſe Spirits, we mult firſt determine what this Spirit is: For oy 
the common Spirit of Wine, we know, conſiſts of a good deal of Water, MY 
a liquid, volatile, acid Salt, a diſagreeable Oil, and Alcohol: Rectified Spirit 1 
of Wine contains leſs Water, the ſame volatile acid Spirit as before, leſs of 
the nauſeous Oil, and more Alcohol: Perfect Alcohol, prepared by itſelf, is 
compoſed of Alcohol, and ſomething ſtill of a liquid Acid: This Alcohol, 
once drawn off gently by diſtillation, from a fixed alcalious Salt, becomes 
ban pure. No body, therefore, concerning theſe things, ſnould pronounce 
too raſhly. | 
x. . Alcohol diſſolves Water, and is diſſolved by it; as likewiſe all aqueous what Bodies 
Fluids. 2. And hence all Wines, of what ſort ſoever. 3. All ſpirituous, fer- * diſſolves. 
mented Acids; of which kind are all ſorts of Vinegars. 4. All pure Oils. 
5. All true vegetable Reſins. 6. Gum-Reſins for the moſt part. 7. Pure 
volatile alcaline Salts. 8. Fixed alcaline ones, when they are perfectly dry. 
9. Moſt Sapo's. 10. Sulphurs, diſſolved and opened in alcalious Salts, | 
But native, compound Salts it does not affect, as Sea Salt, Nitre, and Sal- What not. 
Ammoniac ; nor pure Earth; nor Sulphur z nor Mercury, Metals, Semi-metals, 
Gemms, or Stones. . 
Of - 


NA 


= a Elements of CRUS T Av, Part II. 


Of the Menſtruums called Spirituous, both Alcaline and Acid. 
Chemical A great many of the Chemiſts have referred two forts of Menſtruums to the 


hn oily and ſpirituous ones, which ought rather to be placed amongſt the faline, 

ID or the compound. And this happened, becauſe they almoſt always had ſome 

appearance of oilyneſs, and at the fame time were generally found to be vola- 
tile, liquid, and very ſubtil. Under this name of Spirits, therefore, went 
ſome Alcali's and ſome Acids, as they both appeared volatile, ſubtil, and ſub- 
pinguious, tho? they were ſtill, in reality, as different as almoſt any two things 
whatever, Nay, and even among the particulars of each kind too, there is 
obſerv'd a very great diverſity. Let faline ſpirituous Menſtruums, therefore, be 
divided firſt into Alcaline and Acid; for this diſtinction is abſolutely neceſſary. 
Then let the alcaline ſpirituous be diſtinguiſned from another, as ſome of theſe 
are of a compound nature, others of a ſimple one. The moſt ſimple of theſe 
conſiſt of Water, and a very ſubtil volatile alcaline Salt, which together com- 
poſe a kind of limpid, thin, ſubpinguious Liquor; of this kind is the pure 
alcaline ſpirit of Sal. Ammoniac. And to this head belong an infinite number 
of others, produced both from Animals and Vegetables, when they are perfectly 
freed from all their Oil; for theſe may be prepared by Diſtillation from the 
hot antiſcorbutic Plants, from every putrified Plant, and from every part of 
the animal Body, and are every where to be met with among the curious Che- 
miſts. But thoſe, now, which are more compound, conſiſt chiefly of Water, 
a Salt, which we ſhall by and by deſcribe, and a fetid Oil; and they may be 
reſolved into theſe Principles. Theſe appear to be of a more pinguious na- 
ture than the former. Theſe laſt Spirits, therefore, as they are called, are 
compoſed of a volatile alcaline Sapo, diluted in ſuch a quantity of Water or 
Phlegm, that it is not capable of diſſolving any more. And as for thoſe Spi- 

-- Tits, which for the moſt part are volatile acid Liquors, theſe likewiſe amon 

the Chemiſts have obtained the name of Spirits, becauſe theſe, in the ſame 
manner, are volatile and ſubtil, and in Diſtillation produce, as they run down, 
a kind of pinguious Strig. All theſe, however, upon Examination, appear 
to be acid Salts diluted in pure Water; for even Oil of Vitriol itſelf, which is 
conſiderably fixed in the Fire, will, if it is diſtilled ſome number of times 
with boiling Water, become great part of it volatile. And the caſe is the 
ſame with Oil of Sulphur per Campanam. | 77. 

Agreat ma- Upon theſe conſiderations, therefore, I think it will be much the propereſt 

a Oooh method, to ſeparate theſe abovementioned from the ſpirituous Menſtruums, and 

Salts. place them among the ſaline, which is what I ſhall now proceed to. 


Of the ſimpler ſaline Menſtruums. 33 
Salts neceſſa- Whoever is not acquainted with the taſtes of Salts, will never arrive at the 
ryto* Knowledge of our Arcana, is a maxim amongſt the Alchemiſts : And no won- 
wn. | s K "Iv En © 
der, as a great many Salts are vaſtly efficacious in the Solutions of Bodies, 
And if we can put any confidence in the greateſt Maſters of the Art, 
that famous Solvent the Circulatum of Paracelſus, was made from Salt. This, 
however, is paſt all diſpute, that in the claſs of Menſtruums, Salts obtain every 
where the principal place. For this reaſon, T have for a long time taken a great 
deal of pains in theſe things, to ſee if I cou'dn't diſcover in them what.was cer- 
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tain and uſeful; that I might at laſt reduce this Doctrine, often exceedingly 

confuſed, into ſome kind of order, and then candidly communicate it to 

ou. | 

l By Salt, therefore, we mean a Body that may be diluted in Water; that What Salt is. 

may be melted in the Fire if it does not firſt fly off; and that affects the Tongue 

with that ſenſation which we call Taſte. 35 1 1 | 
When this, now, is either artificially, or naturally perfectly pure, and with- The Ele- 

out Mixture, it appears to conſiſt of Glebules ſo minute, that its ſingle Par- geg & 

ticles are not capable of being diſtinguiſhed by the moſt accurate Microſcopes ; fible. 

and conſequently, even theſe will give us no light at all into their figure, Nay, 

farther, when theſe ſaline Bodies are reſolved into their priſtine ultimate Ele- 

ments, from whence they were concreted, they then ſeem to become perfectly 

volatile, and when they are ſeparated from one another, and freed from every 

thing elſe, diſperſe themſelves about, and mix with the Air. This we ſaw 
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ſufficiently plain from Experiments, whilſt we were treating of Earth, p. 4% 
369, Sc. When thefe ultimate Elements, therefore, of pure Salt, are ſo con- "I 
creted into Maſſes, as to offer themſelves to the examination of our Senſes, 4 5 
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they then always have ſomething elſe intermixed with them, which ſerves as a 
Vinculum, to bind and hold theſe volatile Particles together; and this in parti- 
cular is Water, apd Earth, which are capable of keeping them thus in union 
for a long time, and forming them into ſuch large Corpuſcles. Hence, there- 
fore, we very evidently perceive, that as the firſt Elements of Salts can ſcarce- 
ly ever be confined in Veſſels, ſo very little can be aſſerted concerning their 
chemical, or other vertues. In the mean time, however, when they come to 
appear in a durable form, then, as compound Bodies, we may be able to come 
at ſome certainty about them. | 
In order to this, then, let us examine into the principal difference that is ob- Kinds of 
ſerved among them. And this I think in the firſt place, ought chiefly to Sas. 
be aſcribed to the real difference that there is in their conſtituent Elements : 
For tho? we can't come to examine theſe, when they are ſeparate, and alone, yet 
without diſpute, tho? all agree in their volatility, yer each ſort has always ſome 
diſtinct and proper vertue. But ſecondly, this difference may arife from the 
diverſity of the other Principle, which being united with the former pure Salt, 
compoſes the Salt that falls under our Obſervation ; for what reaſon is there, 
that this, in various Salts, may not be of a different nature? All kinds of Salts, 
therefore, we diſtinguiſh into ſuch as differ 1. In their ſaline Principle. 2. In 
their uniting Baſis; or 3. In both together. And then in reſpect of this ſaline 
Principle, and this firſt Diviſion, I reduce Salts, and conſequently, faline 
Menſtruums, convemently enough into the following Claſſes. T. Into fixed 
Alcali's. 2, Volatile Alcali's. 3. Native vegetable Acids. 4. Fermenting 
vegetable Acids. 5. Fermented vegetable Acids. 6. Vegetable Acids pro- 
cured by Combuſtion. 7. Vegetable Acids procured by Diſtillation. 8. Na- 
tive foſſil Acids. 9. Foſſil Acids by burning. 10. Foffil Acids by Diſtillation, 
11. Native Salts, called neutral ones, as Borax, Nitre, Foſſil- Salt, Sal- Gem, 
Fountain- Salt, Sea-Salt, and Sal Ammoniac. 12. Other Salts that are com- 
pounded of theſe. All theſe Salts, therefore, muſt now be examined in or- 
der, that we may aſcribe to every one of them its proper and peculiar vertues, 
and by this means come to a true knowledge of them, as they may be _ 
— uſe 
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A fixed Al- 


cali. 
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uſe of in the Solution of Bodies. To begin then in the firſt place with the 
fixed Alcali. 


Of a fixed Alcali, as a Menſtruum. 


The word Kali, made uſe of upon the Eaſtern coaſt, and in Egypt, ſignifies 
a certain Herb, abounding in Salt, that grows. about the ſea-ſhore, and the 
banks of the Nile, and on thoſe too of that famous River Belus in Syria, as 
Pliny aſſures us from ancient Authors, This Plant, if it is burnt in an 
open Fire, when it is come to maturity, produces Aſhes that are remarkable 
for their ſalt acrid taſte, and thus evidently demonſtrate how full they are of 
Salt. If theſe Aſhes are boiled in Water, they yield a ſtrong, acrid, ſalt 
Lixivium, conſiſting of the Salt that is drawn out of them into the Water, 
which being properly poured off, there remains at the bottom of the Veſſel 
another greyiſh part, which will not diſſolve in the Water, nor will burn in 
the Fire, but is perfectly inſipid, and of an earthy nature. If this Lixivium 
then is evaporated to a drineſs in an iron Kettle, there is left behind a white 
ſolid Maſs, of a moſt acrid cauſtic taſte, and perfectly ſoluble in Water. Since, 
therefore, Lix in the Latin Tongue ſignifies Aſhes, and Lixa a maker of Aſhes, 
hence Pliny very properly ſays, Cinerum Lixivium, L. xxxix. C. 99- And, 
Lixivium Gini BE. . Cty 25 ee. . da Columeęlla calls a Lixivi- 
um, the Water when it is impregnated with this Salt, and filtered. L. xii. 
C. 41. All theſe Salts, therefore, for the future, may very conveniently be 
called Lixivious Salts. By terms, however, received into the Art, they are cal- 
led an Alcali, alcalious, or alcaline Salts. Some likewiſe call them Soda or Zo- 
da. From this Salt, and the Calx of all Stones that ſtrike Fire with Steel, 
may be prepared a Frit for the making of Glaſs. For Soaps, they uſe the 
ſame made ſharper with quick Lime, and any oily Subſtances whatever. The 
beſt of this ſort of Salt, comes to us at preſent from Alexandria in Egypt, and 
Tripoli. As all our Phyſical knowledge, now, ariſes originally from what 
our Senſes diſcover in natural Bodies, hence all the diſtinctions of them muſt 
be taken only from ſuch ſenſible ſigns: Nor can we diſtinguiſh Bodies in any 


other manner. I now, therefore, proceed to lay down the following Characters 


Its Marks: 


of an Alcali, which I think are abundantly ſufficient, both for the Chemiſt, 
and the Philoſopher. | 


1. This Alcali, therefore, owes its origin to a vegetable Subſtance. 2. It 


is only procured thence by the action of ſuch a Fire, as by burning converts 


it into Aſnes. 3. When it is prepared in this manner, it is always of ſuch a 
nature, that it will remain a conſiderable time in the Fire, and thus demon- 
ſtrate its fixity. 4. In a moiſt Air, it perfectly melts away and depoſits ſome 
Fæces, being abſolutely impatient of long dryneſs, tho? it is carefully enough 
preſerved in any cloſe Veſſe] whatever. 5. If you taſte it, it impreſſes a Sa- 
vour upon the Tongue, joined with a Senſe of Acrimony, and that a cau- 


ſtic one; and it excites at the ſame time a Taſte of Urine, on which account theſe 


Salts have, tho* not ſo properly, been called urinous Salts. For the proper 
Taſte of this Salt does not reſemble that of Urine, as the firſt application plainly 
demonſtrates: But when this has been in the Mouth ſome time, and by its 
Acrimony has drawn out the Saliva, then the neutral animal Salts which are 
in the Saliva, by the power of the fixed Alcali, are deprived of all their 


a acid, 
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aid, and thus become volatile and alcaline, and then impreſs upon the 
Tongue a diſagreeable urinous Taſte, of which this is the true origin. 6. This 
Salt, when it is perfectly pure and unmixed, has not the leaſt ſmell of any kind, 
being exceedingly fixed in the Fire itſelf: But as it is vaſtly greedy of every 
Acid, if it meets with any Body in which there is a volatile alcaline Salt re- 
tained by an Acid, and concealed without any Smell, it then immediately 
abſorbs the Acid, and the latent Alcali being by this means ſet at liberty and 
rendered volatile, diſperſes about an alcaline Smell, which is then falſly aſcribed 
to the fixed Salt. This appears evidently upon throwing a fixed alcaline Salt 
into warm freſh Urine, upon which the Liquor, that was inodorous before, 
inſtantly emits a diſagreeable alcalious Smell. 7. Another property of this 
Salt is, that if it is mixed with any Acid whatever, it preſently produces an i 
Ebullition and Efferveſcence ; and afterwards is fo intimately united with it in- 
to one Maſs, that if the Saturation is compleat, the compound, ſo long as it 
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continues ſo, diſcovers no ſign, either of an Alcali or an Acid, but there is al- 1. 
ways by this means produced a third Salt, which the Artiſts now o'days chuſe Wu 
to call a neutral one. 8. If a pure fixed Alcali is mixed with the Juice of the 1 00 
Turnſole, Roſes, or Violets, it preſently changes their natural Colour, which: 77 
is a kind of Purple, into a Green. 9. When the ſame is applied for ſome * 

time to a warm human Body, and conſequently one that exhales ſome Moiſture, $f 
it excites an acute Inflammation, attended with all its Symptoms, which ſoon * 
turns to a grey, hard, dead, and often black Eſcar, and therefore is capable of Wc, 
producing at laſt a true Mortification. 10. All theſe Salts have a power of Jo. 
deterging and getting out ſpots ; which is never found to be the caſe in thoſe: 1 
called neutral. Theſe then are the Marks by which theſe Salts may be known Va 


and diſtinguiſhed from all others; and by theſe we ſhall be able to avoid any 
confuſion in this Hiſtory of Menſtruums. Sy 

Such alcaline fixed Salts may be procured likewiſe from any crude, freſh Ve- Is orig. | 
getable, burnt to Aſhes, and treated in the ſame manner as we mentioned of 
the Kali. Out of ſome Plants, however, by this management, you can get but 
very little: Of this kind are thoſe, which when they are crude, have ſuch a 
pungent Smell, as ſtings the Noſe, and makes the Eyes water; for almoſt all 
the Salt of theſe Plants is volatile, and is diſſipated, and flies off with the 
Heat of the Fire. Garlic,. the bulbous vomiting Roots, Onions, Scurvygraſs, 
Ladies-ſmock, Rocketts, Hedge-muſtard, Creſſes, Radiſhes, Rapes, Squills, 

Leeks, Muſtard, and the like, I refer hither; in which nature has ſo far per- 
feed their alcalious Salts, as to render them volatile, as in Animals. 2: 

Theſe lixivious acrid Salts, now, have been known to the ancients in almoſt wel known 
all ages. Ariſtotle tells us, Meteor II. C. 3. that the Aſhes of burnt Reeds, 3 
and Bulruſhes, boiled in Water, yield a plentiful Salt. And Varro de R. R. 1 
L. i. C. 7. informs us, that ſome of the Inhabitants upon the Rhine, having —_— 
neither Foſſil nor Sea-Salt, inſtead of them, made uſe of a ſalt Coal, which Pt 
they procured from ſome ſorts of Wood : From which it is pretty plain that. 
they knew, according to Tachenius's method, to prepare theſe Salts in ſuch a 
manner, as to make them leſs acrid, and to come nearer to the nature of the 
native neutral ones. Hence Pliny aſſerts, L. xviii. C. 28. that Aſhes them- 


| ſelves have the qualities of a Salt, but are milder. And L. xiv. C. 26. that 
| the burnt. Fæces of Wine have the vertue of Nitre. And L. xvi. C. 11. he 
ED, L 1. : ſpeaks: 
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ſpeaks of the nitrous Aſhes of burnt Oak. Nay, and they made uſe of it in 

hyſic too, as we learn likewiſe from the ſame Author, L. xxxvi. C. 69, where 
he ſays, Aſhes, when they are drank, have medicinal vertues. All theſe au- 
thorities, then, to which more might be added, if neceſſary, ſufficiently evince, 
that the knowledge of Alcali's is not to be look'd upon to be ſo modern as 
ſome Perſons imagine. 

As far, now, as ever I have been able to inform myſelf, there was never yet dif. 
covered one native Salt with which the preceding Marks wou'd agree, all theſe 
alcaline Salts being procured from vegetable Subſtances by the action of Fire alone. 
But from the firſt time that ever Vegetables came to be burnt in the world, 
theſe Salts have been always produced, provided the Vegetables were reduced 
to Aſhes. Hence, therefore, in all ages and places where this has happened, 
there muſt have been a prodigious quantity of this Salt generated, which al- 
ways at laſt with the Aſhes ſinks down to the Earth. In the revolution, there- 
fore, of ſuch a vaſt number of years, this Salt, one ſhould think, muſt have 
poſſeſſed great part of the Earth, and diſcovered its proper Nature, as we ſee 
the mountains of Salt do in the Iſland Ormus. 

But as this, now, is found by no means to be the caſe, nothing can be more 
certain, than that the Salts of burnt Vegetables, when they inſinuate themſelves 
into the Earth, often, indeed, render it fruitful, but in the mean time, ſoon 
loſe their alcaline nature, put on the form of a new Salt, and then continue to 


act in that character. 


Not in 
Plants na- 
turally. 


Perſon living ſuppoſes that Glaſs is really procured from the Vegetable, when 


And upon this head, we ought particularly to conſider, that no Plant that 
ever grew upon the Earth, if it was ſuffered by time to grow dry and carious, 
wou'd ever yield one grain of a fixed Alcali : But on the contrary, they have 
been always found either to have been diſſipated into ſuch minute volatile 
Particles, as eſcape the Obſervation of our Senſes, or elſe to have left behind 
them a certain Matter, which upon examination appear to be mere Earth. This 
univerſal Experiment, therefore, confirmed in all ages, evidently demonſtrates, 
that Nature, whether you regard their Fluids or Solids, has never intermixed a 
fixed Alcali in the Compoſition of Vegetables. Hence, therefore, we aſſert 
again, that fixed alcalious Salts are produced by the action of the Fire, and, 
not by any natural vegetating Operation. But this is ſtill farther evinced by the 
following Experiment, which conſtantly ſucceeds in the ſame manner. Take 
any of thoſe Vegetables, which if they were burnt wou'd yield a large quan- 
tity of a fixed Alcali ; let theſe be brought to putrefaction according to art, 
ſo that their whole Subſtance ſhall be perfectly putrid; and they will by this 
means become exceeding fetid, and great part volatile; and if they are then 
burnt in an open Fire, won't yield one grain of fixed Salt, but will produce 
only ſome white, inſipid, perfectly earthy Aſhes; in which, if you expect to 
find any Salt, you'll be deceived. You, Gentlemen, therefore, who conſider 
this Experiment in a proper manner, muſt be of my opinion, that fixed alca- 
line Salts of Vegetables, which are the only fixed alcaline Salts we at pre- 
ſent know of, ought to be looked upon as abſolutely the creatures of the Fire 
and no doubt but you will think that they are as much ſo as Glaſs, which is 
made from the moſt lixivious Aſhes, melted with the intenſeſt Fire: But as no 


10 
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it is thus put in fuſion with a ſtrong Fire, ſo certainly we muſt confeſs the 
caſe is the very ſame with this Alcali. | 

And hence, in the latter part of this Work, I ſhall demonſtrate, that theſe Ants from 
alcaline Salts may be very eaſily reſolved into a conſiderable part that is ſaline, cg 3 
hard, bitter, and almoſt vitreſcent; into a ſimple Earth; and into an alca- by os A 
line Salt, that is ſtronger and more pure: And thus we ſhall again ſee, that of the Fire. 
theſe Saltsare by no means ſimple Bodies; but that they are compounded of 
different parts united together; and that this conjunction of theſe Principles 
into one Maſs that appears ſo homogeneous, is owing intirely to the ſtrength 
of the Fire. Hence, then, it will follow, that Nature never acts by fixed alca- 
lious Salts, as by her proper Inſtruments, unleſs only when ſhe receives them 
firſt prepared by the Fire: And that even in this caſe, when ſhe makes uſe of 
them thus prepared in bringing about her deſigns, ſhe then only operates by 
them, as they are compounded of the three abovementioned Principles; to 
which, however, as a fourth part, there ſtill ſeems to remain ſomewhat of an 
Oil, as many Arguments induce one to believe. | 


And hence again it appears, that as theſe fixed alcaline Salts are more and Conſequently- 
more diſengaged by a ſeparation of their conſtituent Principles, the Salt that "OO 
ariſes hence will be continually different; for that which remains after a for- 
mer ſeparation, will always be of another and more ſimple nature, and con- 
ſequently, will have a different power of acting. Take Pot-Aſhes, for inſtance, 
which yield the beſt of this ſort of Salt. A great part of theſe is a bitter, 
hard, pellucid Salt, that does not fo readily diſſolve in Water. Separate this 
carefully according to Art, and you will then be able to obtain a purer Al- 
call, which is fitter than the other, for a good many Operations that are per- 
form'd by Alcali's, which will not ſucceed fo well, if the former Salt remains 
mixt with the latter. And here we muſt carefully obſerve, that theſe alcaline 
Salts too, are often ſurprizingly changed by ſome other Body's falling in 
among them, whilſt the Vegetables are burning, which being likewiſe of a 
fixed nature, may be united, and remain with them in the Aſhes. Suppoſe, 
for inſtance, that ſome Nitre ſhould happen to come among them; then this 
being fixed with the other vegetable Salt, would produce an Alcali, on which, 
if you poured Oil of Vitriol, it would emit a fetid Fume, that would ſmell of. 
Spirit of Nitre; which never is the caſe, if the Alcali is pure. The ſame 
you eaſily conceive of Sea-Salt, and many others. And Jaſtly, to render this 
Doctrine of Alcali's ſtill more clear and compleat, we muſt take notice, that 
the very burning of the Vegetables, as it is performed in a different manner, 
will produce difſerent Salts : For it is a known truth, that if the ſame Vege- 
table is burnt at once in a briſk ſtrong Fire, it will yield another Salt from 
what it does, when it is ſlowly conſumed by a ſmothering. one, as we ſee in 
the Preparation of the Salt of Tachenius. But we muſt now proceed to give 
you an account of the principal alcalious Salts, which are made uſe of in the 
chemical Art. ; | | 

Among theſe, then, the commoneſt ſort is that which is called Potas, or Pot- The Alan 
Aſhes. This is brought yearly by the Merchant's Ships in great abundance from Ad. 
Coerland, Ruſſia, and Poland. It is prepared there from the Wood of green 
Fir, Pine, Oak, and the like, of which they make large piles in proper 

Trenches, and burn them till they are reduced to Aſhes, Theſe being pre- 
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Elements of CHñEMISH AV, Part II. | 
ſently ſifted, were by the Ancients called Lix; by the Moderns Cineres Cla- 
vellati, which name ſeems to come from the Clave, or Billets, into which the 


Wood is cleft, to make it burn more readily, whence Clavula, and then Cla- 
vella ſeem to be derived. Theſe Aſhes are then diſſolved in boiling Water, 


and when the Liquor at top, which contains the Salt, is depurated by ſtand- 


ing quiet, it ls poured off clear, and makes the Lixivium. This, then, is im- 
mediately put into large copper Pots, and is there boiled for the ſpace of three 
days, by which means they procure the Salt they call Potas, (which ſignifies 
Pot-Aſhes) on account of its being thus made in Pots. This Salt, whilſt it 
is hot and dry, muſt be put up in Caſks, the Wood of which is dry, and has no 
Oil in it, and by this means it may be kept dry; otherwiſe, if it is expoſed 
to the Air, eſpecially a moiſtiſh one, it will run into a pinguious Liquid, 
which is very heavy, won't admit Air, is alcalious, and exactly like Oil of 
Tartar per deliquiuum : And by this very action, it depoſites again freſh Fzces, 
and that in a very conſiderable quantity too; for I myſelf have, in this man- 
ner, got 6 drachms of theſe Fæces the firſt time from one pound. When this 
afterwards is diſſolved by ſucceſſively pouring hot Water upon it, and by 
ſtanding is depurated from its Fæces, and the pure Liquor that is at top is 
accurately filtered, then, if it is inſpiſſated to half the quantity by exhalation 
in a very clean glaſs Veſſel, and afterwards ſuffered to ſtand quiet in a cold place, 


it will ſoon form upon the Glaſs little hard Glebes, of a regular figure, pellu- 


cid, that never diſſolve even in a dampiſh Air, are diluted with difficulty in 
Water, are brittle like Glaſs, of an exceeding bitter Taſte, and very much re- 
ſemble that Salt, which in making Glaſs is thrown up to the top, and is cal- 
led the Gall of Glaſs : This therefore is of a very particular nature : And by 
this method, one may obtain a great quantity of this Salt. But even in this 
way of preparing this Salt, you have again terreſtrial Fæces to the quantity of 4 
ſcruples in a pound: And thus at laſt you have the alcaline Salt in the remain- 
ing Liquor ſufficiently pure. This, now, if it is inſpiſſated quite to a dry- 
neſs, produces a white alcaline fixed Salt, with which, and pure Sand, is made 
the fineſt ſort of Glaſs, If this pure Salt now is expoſed for a good while to 
a ſtrong Fire, it will melt, and then always becomes more acrid, and being 


expoſed to the Air in a glaſs Plate, will again diſſolve and depoſite Feces. 


And if theſe Operations are repeated, as I mentioned before, in our Hiſtory 
of Earth, the whole Salt will become volatile, and at laſt will be intirely re- 
ſolved into an imperceptible exhaling part, and terreſtrial Fæces: And thus 


again, both its Acrimony, and its dryneſs, will be deftroy'd. But it often 


happens during the repetition of this Operation, that the Alcali changes its firſt 


nature, and is converted into a neutral Salt, which eaſily melts in the Fire like 


Wax: And hence ſome Chemiſts have vainly pleaſed themſelves, that they were 


Maſters of that great ſecret, an incerated fixed alcaline Salt, which the anci- 
ent Chemiſts ſo highly extotled. But this only happens from the volatile acid 
in the Air applying itſelf to this Salt, and being united with it, by which 
means a new kind of Salt is produced, compounded of this Alcali, and this 
Acid, and hence eaſily flowing in the Fire, but deprived of all its alcaline 


vertue. But otherwiſe, the fixed Alcali, procured in the manner we have 


deſcribed, has above all others, every mark which we laid down in defining an 


Alcaline. This Salt, therefore, we may fairly fix as a ſtandard for all of this 


kind, 


Theory of the ART. 
kind, by the character of which we may examine any Salts that we are in doubt 
about, whether they belong to this Claſs, or no. And thus again is con- 
firmed what we advanced before, that alcalious Salts, produced by burning, 
are made up of three Principles, and thoſe very different ones too, viz. a 
pure Alcali, a bitter Salt, and a pure Earth. The true ſaline part here, now, 
is greably leſs, than any one would imagine, and when it is alone, is volatile, 
eſcapes the notice of our ſenſes, and hence, hitherto, we are not come to a 
knowledge of its proper nature. 


The Juice preſſed from Grapes that are ripe, ſpontaneouſly ferments ; and An Aten 
rom the 
Lees of 


during this operation it is properly called Muſt. After this fermentation is 
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over, and its thicker Fzces are depoſited, and it has ſtood quiet in the Pipe, Wine. 


it becomes liquid, fine, and homogeneous. This we call Wine; which has 
now depoſited abundance of thick Fæces: Theſe go by the name of the 
Lees, or the Mother, and were firſt diſperſed through the Muſt, then work*d 
up into Flowers, and Yeaſt, and afterwards fell down, and were continually 
collected more and more at the bottom. The Wine, when it is thus become 
fine, if it is drawn off from the Lees into a clean Veſſel, leaves all theſe 
thick Fæces behind it; from which, by preſſing them ſtrongly through 
thick, canvas Bags, they procure a turbid Wine, which they uſe for mak- 
ing the ſtrongeſt Vinegar. The Fzces then that ſtill remain in the Bags, dry, 
and formed into Cakes, if you burn them, will be conſumed into Aſhes, Theſe, 
if they are ſifted, diſſolved in Water, and depurated from the ſubſiding Earth, 
yield a clear Lixivinm, And this, laſtly, by inſpiſſation, in great Pots, pro- 
duces a Salt, very like the former, but purer, and more acrid. This, then, 
is a ſecond ſort of Pot-aſhes, which by the preceding fermentation ſeems to be 
rendered more ſubtil than the former, And this is a ſecond general method 
of procuring an Alcali from every fort of Wine whatever. 
If the Wine, now, after it is fin'd and drawn off as above into a clean 
Pipe, ſtands a good while after it is thus perfectly fermented, and fine, there 
will then begin to appear little ſhining Bodies in it, like little Particles of 
Glaſs, which gradually uniting together into larger Glebules, difperſe them» 
ſelves equally round the Veſſel, fix themſelves upon every part of it that the 
Wine reaches to, and thus by degrees incruſtrate over its whole Surface with a 
kind of ſtony Matter, called, for this reaſon, very properly, by the Germans, 
Wine-ſtone ; by the Chemiſts, Tartar. This is always of an acid taſte, and 
produced only from Wine, when it has been fermented, and depurated. Be- 
twixt this and the Lees, now, there is a great deal of difference; for this, 
in particular, hardens into the form of a Stone, that always continues liquid; 
this fixes to the upper, lower, and, in ſhort, every part of the Veſſel ; that in- 
tirely falls to the bottom. This Tartar, now, according to the ſort of Wine from 
which it is generated, is red, grey, white, more or leſs pure, and more or 
Jeſs acid. Acid, rough Wines yield a greater quantity of it; the ſofter and 
ſweeter, a leſs, If this Salt is put into a clean glaſs Veſſel, and with a ſand 
heat very gradually and cautiouſly urged, it gives a Spiritus Sylveſtris, that 
diſperſes itſelf about, and is not to be confined ; then other Spirits but a lit- 
tle acid; afterwards pinguious and thicker z and laſt of all an Oil, that is 

the moſt penetrating of any we know of, AY 
| : 1e. 
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A fixed Al- 
cali from 
Wine. 
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Prepared by When theſe, now, are all drawn off, there then remains a very black Maſs 
— at the bottom of the Retort, which is perfectly alcaline, and exceedingly acrid; 
and this is the only method that I am acquainted with of producing a fixed, 
alcaline, acrid, vegetable Alcali in a cloſe Veſſel; for all other vegetable ſub- 
ſtances whatever, being expoſed to the ſtrongeſt diſtillation in a Retort, pro- 
duce, indeed, a black Coal, but never, to my knowledge, afford an alcaline 
Salt, till this Coal is afterwards burnt in an open Fire. But if you then take 
out this black, alcaline, tartareous Coal, and burn it, you will have a white, 
alcaline Salt, the moſt acrid and pureſt of all the fixed Alcali's. By this 
ſurprizing Experiment, then, we evidently ſee, how much fermentation pro- 
mores the production of an Alcali, though at the ſame time it always heightens, 
nay, and ſeems almoſt to generate an Acid. Both Alcali's and Acids, there- 
tore, are more readily produced by the aſſiſtance of fermentation, than without 
It ; which obſervation, certainly, is of very great conſequence, though you 
will ſcarcely find it taken notice of. 
All Alcalt's, however, from whatever vegetable, or in what manner 
ſoever produced, when by the ſtrongeſt Fire they are at laſt brought to 
their greateſt alcaline perfection, become ſo perfectly of the ſame nature, 
that they can ſcarely be diſtinguiſhed from one another. There is one, in- 
deed, but a very trifling circumſtance, wherein they differ, obſerved in mak- 
ing Glaſs, and that is, that Glaſs made with the very ſame Flints, but dif- 
ferent, fixed Alcali's, ſhall often have ſome diverſity in their colour, ſo that 
that which 1s prepar*d with the Alcali of Flints, ſhall be different from that 
made with any other. But it is very well known, how ſmall a matter will 
make a very conſiderable alteration in the colour of Glaſs; as even pound- 
ing the Salt in a metal or marble Mortar, will produce a difference. Hence 
I have ſometimes been ready to doubt, whether ſome metalline Matter 
might not poſſibly inſinuate itſelf into Vegetables, and being naturally fixed 
in the Fire, leave ſomething in their fixed Salt, that might afterwards diſ- 
cover itſelf in the Glaſs. Iron, it is certain, inſinuates itſelf into many Bo- 
dies; and, perhaps, it may not be ſo intirely repugnant to the nature of Cop- 
per to do the ſame. 1 8 5 
A xe Al- But the Chemiſts have diſcovered another particular method of producing, 1 
cali from a true fixed Alcali, which we have accurately deſcribed by Glanber, as follows. 
Nite Take ſome pure Nitre in a clean Veſſel, flux it till it runs like Water; and 
it will then ſcarcely have any viſible motion. When it is in this condition, 
throw a little bit of live Coal into it, and in an inſtant it will produce a 
great noiſe, run about upon the Surface of the Nitre, conſume, and then the 
Nitre will flow quietly again, as before. When every thing is ſtill, throw a bit 
more in, and you will have the very ſame Phænomena. Repeat this Opera- 
tion till the Nitre makes no more noife, or is ſet on Fire by the Coal, and 
then all that remains will, in every ſenſible, phyſical, and chemical proper- 
ty, be a fixed, alcaline Salt ; for it has a cauſtic acrimony ; it cauſes a uri- 
nous taſte in the Mouth; it raiſes an ebullition with all known Acids; if 
it is ſaturated with Acids, it is converted into a compound Salt, whoſe na- 
ture is determined by the Acid it is mixed with; it has the fame effect in 
changing of Colours, with the preceding Alcali's; the very ſame precipita- 
tions are likewiſe produced by it; and in the ſolution of certain Bay, it 
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diſcovers a perfectly ſimilar, not to ſay the very ſame efficacy. In this Salt, how. 
ever, there is yet conſtantly obſerved ſome difference from the former, as it 
always retains ſomething of Nitre that is not perfectly changed from its 
priſtine Nature. This, indeed, don't commonly diſcover itſelf till you pour 
ſome of the beſt Oil of Vitriol upon it; but then there immediately riſes 
a Vapour, which by its ſmell of Spirit of Nitre, or Aqua Fortis, demonſtrates, 
that there is ſtill ſomething remaining in the alcaline Maſs, which, by the 
action of the Oil of Vitriol, riſes from the Nitre itſelf. Nay, and even the Oil 

of Vitriol, too, generally grows black when it is mixed with Glauber's Alca- 
li, whence it appears, that there is ſtill left likewiſe ſome of the Coal, which 

was thrown in and conſumed. Glauber, therefore, was certainly in the right, 
in believing this Alcali of Nitre to be in ſome meaſure different from other 
vegetable Alcali's; but when he extols its vertues ſo highly above all others, 
it's poſſible he was a little too fond of his own diſcovery. 

But a third, and the moſt expeditious way of producing Alcali's in a ſhort The fame 
time, and great quantity, is as follows. Take of the beſt and drieſt Tartar, Tina 
and Nitre reduced to a fine powder, an equal quantity, mix them together, 
and throw them, a little at a time, into a clean iron Ladle, made almoſt 
red hot, and there will be excited, as we ſnew'd you before, a momentane- 
ous deflagration, and there will be immediately produced a white, alcaline, 
fixed Salt. This, too, is like a vegetable Alcali in every mark; but ſtill 
it has the ſame peculiarity as the former. For here if you go to make vi- 
triolated Tartar from it, there immediately ariſes a ſmell of Aqua Fortis, and 
the Matter turns blackiſh ; a certain ſign that there is\ſomething of Nitre 
remaining, in this caſe, as well as the former. See the egregious Hoffman. 
Obſerv. Phyſ. Chem. p. 241. 

And laſtly, there is another, and a pretty ſingular manner, too, of prepar- Lash, by 
ing a fixed, igneous Alcali, in a moment, almoſt, from Nitre, and is as — 
follows. After the Sulphur is ſeparated from Antimony, almoſt as clear as is 
poſſible, there remains the pure metalline part, which is called Regulus. 
Take this ſhining Subſtance, put it into a clean Crucible, melt it in the 

Fire, and when it is perfectly in fuſion, add an eighth part of the pureſt, 
drieſt Nitre. Tou'll then be ſurprized to find, that this Nitre, which uſed 
to flow ſo eaſily in a ſtrong Fire, cannot now be brought to flux, without 
the application of ſuch an intenſe Heat, as is neceſſary for the fuſing of 
Copper. But you'll here perceive, likewiſe, ſomething more extraordinary, 
and that is, that when it is urged with ſuch-a degree of Fire as will melt 
it, it immediately acquires a golden colour, and when the whole is poured 
out into a melting Cone, 'it riſes to the top, and appears like a golden 
Cake. This, now, if it is ſeparated by ſtriking the Cone, is vaſtly impati- 
ent of drineſs, and is of ſo acrid, alcaline a nature, that it is perfectly ig- 
neous in almoſt every effect: Nor has the greateſt Maſters in the Art ever 
found out any method by which one may communicate to Salt ſo great a 
degree of Acrimony. And here we may oblerve, that Nitre, which is the 
coldeſt of all Salts, and has not the leaſt mark of any Alcali in it, when it 
is thus fuſed with the metalline part of Antimony, acquires this Acrimony, 
purely, as it were, by contact. It is credible, now, in this caſe, that the 
Sulphur of the Antimony is, by this means very intimately united i the 
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Nitre; for if you take the Salt, thus produced, whilſt it is exceeding dry, 
and hot, and throw it into very pure Alcohol, this preſently extracts a very 


red Tincture from it, whoſe cauſtic quality is ſo great, that it can ſcarcely be born. 
This ſudden alteration, now, I have obſerved equally to happen, whether the 
Regulus is made with Iron, according to Suchienius's method, or with Tartar 
and Nitre, in the common one. But this will not be effected ſo long as the 
external Sulphur adheres to it, the Experiment then only ſucceeding, 
when this part being ſeparated, the remaining reguline part is perfectly 
fus'd with the Nitre. The quick change, now, that is here brought about, 
which we meet with no where elſe, is ſo much the more ſurprizing, as Nitre 
with Sulphur never becomes alcalious, but is converted into a bitter Sal- Po- 
lychreft. And what ſtill makes it more extraordinary is, that Nitre, if it is 
kept a vaſt while in fuſion by itſelf, will remain the fame without any al- 
teration. Nor will Nitre, as we mentioned before, produce an alcaline Salt 
with Antimony, ſo long as it retains its Sulphur ; though when that is re- 
moved, it will with the Regulus generate it by ſimple fuſion. Hence, there- 
fore, from the combination of Bodies together in a certain manner, we ſee 
what ſudden and unknown effects may be produced, which it was not poſſible 
to have foreſeen z and hence again we infer how likely we are to fall into er- 


rors, if we proceed too haſtily upon general Principles. But once more, we 
here obſerve farther, how eaſily Nitre grows alcalious through its whole ſub- 


ſtance, viz. as it were, by mere contact; in as much as it 1s not mixed with 
the melted Antimony, but preciſely flows at the top of it, being perfectly 
expelled from it. And laſtly, we may take notice, that this Salt, which is fluxed 
by itſelf ſo very readily, in an inſtant, is ſo altered in its nature, that it becomes 
the molt difficult to flux of any we are acquainted with. Thus then, Gentle- 
men, I have laid before you all I have been able to diſcover in any Authors, 
concerning the origin of fixed Alcali's, and the diviſion of them into proper 
claſſes, founded upon it, to which I have likewiſe added ſome of their 
vertues, 


The efficacy The order of our ſubject leads us now to examine into all thoſe phyſical 


of a fixed 


operations which theſe Salts are obſerved to perform. And that I may 'do 
this the moſt to advantage, give me leave to take notice to you once more, 
that though from the vaſt number of Vegetables that are perpetually burn- 
ing, Nature is conſtantly employed in generating fixed Alcali's; yet, not- 
withſtanding the infinite quantity that is thus produced, there is not the leaſt 
appearance of them any where to be found in the Earth; whence it follows, 
that theſe Salts muſt either periſh, or be continually changed in their nature. 
In perfect fixed Alcali's, then, upon examination, the following properties 

appear to belong in common. | 


Firftattras. 1. They attract Water very powerfully, to a great diſtance, and from 


Water. 


every known Body in which. it reſides. This is plain from ocular demon- 
ſtration; for when ſuch an Alcali is taken out of a ſtrong Fire, if it is ſuf- 
fered to remain in a very hot Air, juſt by the Fire, where we can by no 
other art diſcover the leaſt ſign of Water, it will even there grow moiſt, and 


diſſolve: And if it is then put into a clean, dry, glaſs Veſſel, and dried over 


the F Ire, and the Vapour that exhales, is catched, and condenſed in an. Alem- 
bic, it will. yicld again the pure Water which the Alcali had. drawn * 
| — | ther 


F "A ”O 1 


21 342 Theory of the ART: a 449 
Other Salts, now, if they had been moiſt before, would have been deprived 

of their Water in the very ſame place, where the dry Alcali attracted a 
moiſture, Theſe Alcali's, therefore, are true magnets to Water ; this they 
diflolve, and unite with them; by this they are diſſolved and ſtrongly united wich 

it; and hence, when they are once diſſolved in Water, a Heat as great as that 

of boiling Water won't perfectly dry them again. | 

Take, for inſtance, Oil of Tartar per Deliquium, put a mercurial Thermo- Retains it 
meter into the Veſſel with it, and expoſe it to a ran of 214 degrees, and * —— 
you will find the Salt will not be dried. Nay, if you have a mind to effect 
this, you muſt put it into a metal Veſſel, and keep it continually ſtirring in 
a Heat of more than ſix hundred: Hence, we ſcarcely know any Body that 
parts with its Water with more difficulty. I had a mind, now, to inquire into 
the power by which an Alcali thus attracts Water, the quantity which it 

takes in, and the ſpace through which this power is capable of exerting itſelf. 

To this purpoſe, then, I took an ounce of a fixed Alcali, exceeding pure Draws it 
and dry, and putting it in a clean glaſs Baſon, expoſed it to a dry Air, in 597 * 8 
a ſubterraneous place, that was every way incloſed, nor in the leaſt diſturbed 
by any Wind; and I found, in a little time, that the Water was attracted 
out of this ſtill Air, to the broad ſurface of the Salt, and it continued to 

be ſo, till the Salt had drawn in near three ounces of Water, but being 
then thoroughly ſaturated, it did not imbibe any more. Hence, then, 1 
Jearned evidently, that this quantity of Water, which was thus attracted to 
the furface of the Salt, required at leaſt fix cubic feer of Air to ſupply it : 
For if we ſuppoſe the weight of Air to be to that of Water, as 1 to 1000, 
and a cubic foot of Water to weigh 64 pounds, then all the heavy Bodies 
in a cubic foot of Air will weigh +, of a pound. Let us imagine, now, 
only half of theſe heavy Corpuſcles to be pure Water, the other half, all 
the reſt of the Bodies that are contained in the Air, and then it appears, 
that in a cubic foot of Air there will be about half an ounce of Water. It 
this Salt, therefore, is capable of attracting this Water from ſo great a ſpace, 
we diſcover a new and very ſurprizing power in Nature. Hence Sendivogius 
aid, very juſtly, the more Alcali's are burnt, the more Water theſe calcin'd 
Bodies attract out of the Air. If you are rather of opinion, however, that 
in this caſe the Water which is in the Air at a diſtance, comes into that Air which 
is neareſt to the Salt, and ſo is exhauſted of its Water, I will not contend 
with you; but this, in the mean time, I am certain of, chat the Air, where 
the experiment was made, and from which the Water was ſeparated, was ex- 
ceeding ſtill. | 55 | 

But to come at the ſame thing {till more exactly, I took a large glaſs And gr 
Bottle, very clean, hot, and dry, and into this I put ſome pure Salt of Tar- © 
tar, very hot and dry, likewiſe, and reduced to Powder in the manner above 

_ deſcribed. I then preſently ſtopt the Mouth of the Bottle with a dry Cork, 
and covered it over with a Hog's Bladder, well rubb*d with Oil, and made 
| very ſupple, which I tied over it; and I afterwards found, that the Salt, 

which adhered to the ſide of the Glaſs, was grown moiſt with the Water 


. contained in that ſmall quantity of Air that was included with it, tho? the 
T. Air was hot and dry, at the time that the Bottle was cloſed. | F 
: M m m 2. But 
* | 


IE 


450 Elements of CHEMIS Tay, Part II. 


Secondly, 2. But with reſpect to Air, now, Alcali's ſeem to have a quite contrary power; 
repels Ar. for as they attract Water, ſo they ſeem to repel pure elaſtic elementary Air. In- 
deed one would be apt to think otherwiſe : For if a fix*d alcaline Salt, when it is 
perfectly red hot, nay, in fuſion, is poured into an iron plate, it will ſoon attract 
ſome Water into it; and as this Water is drawn out of the Air, one would 
imagine, it ſhould attract the Air along with it, eſpecially, as it former! 
appeared, that when Water is by any means deprived of its Air, it always 
ſpontaneouſly takes in more. Nay, and for this reaſon it would farther ſeem 
probable too, that the Salt ſhould attract Air into it, viz. that all the Air 
that was in it before muſt have been expell'd by the intenſeneſs of the Fire 
in which it was melted. On theſe accounts a perſon would be apt to infer, 
that a great deal of Air muſt be drawn into, and lie concealed in theſe Salts ; 
and yet if you examine Oil of Tartar per Deliquium at the Air-pump, it does 
not give any indication of Air's coming out, nay, even though you make it 
hot. Hence, therefore, again every body would conclude, that theſe Alcali's 
do not only repel Air, but that they likewiſe even expel that which is lodged 
in the Water; and hence, that there is in theſe Salts a power of repelling 
Air, and driving it from among them. EUR 
Or, perhaps, But you may remember, Gentlemen, that whilſt this point was before 
_ mex under examination, we brought it to this concluſion, that it was almoſt pro- 
n that Alcali's attract Air into them exceeding ſtrongly, and ſo cloſel 
unite it with them, that they do not let it go again, until it is forced from 
them, by a ſtrong Fire, or being put into an efferveſcence. Vide. p. 303, 310. 
Upon a careful conſideration, therefore, of theſe oppoſite appearances, I am 
in a doubt, whether, under this ſecond property of Alcali's, I ſhould conclude, 
that they perfectly repel Air; or that they unite it ſo intimately with them, 
that ſcarce any Body attracts it more ſtrongly, or fixes it more cloſely. One 
of theſe two muſt certainly be the caſe ; which of them is ſo, I dare not 
aſſert, Thus you fee the extraordinary iſſue of ſo many Experiments, per- 
formed in a proper manner, viz. a fluctuation between two opinions, that are 
diametrically oppoſite to one another. This, however, is the nature of true 
Philoſophy, nor can we any other ways come at a right knowledge of it. 
Theſe uncertainties, in the mean time, have this evident advantage, that 
they. put others upon farther inquiries. f 
Do not reve! Theſe pure, acrid, fixed Alcali's, if they are mixed with the choiceft Alco- 
Alcchol. - hol, when they come firſt out of the Fire, attract it into them, and unite 
it with them; but if there is the leaſt mixture of Water in it, then the Wa- 
ter is immediately attracted, and the Alcohol repelled ; nor can they afterwards 
N be united, by any method whatſoever. Nor can this union be effected, if the 
Alcohol is pure; but there is Water in the Salt. In this manner, therefore, pure 
Alcali's elegantly divide ſtrong Spirit of Wine into two parts, that are not miſ- 
cible with one another, viz. into a Water ſaturated with the Alcali, and into 
a pure Alcohol ſwimming at top. And thus, again, plainly appears the 
reciprocal attractive force betwixt the Water and the Alcali. For take a 
pint of the pureſt Alcohol, put into it but a very ſmall quantity of Water, 
and then throw in ſuch a dry, alcaline Salt, and the Alcali will in an inſtant 
C draw into it that little portion of Water, upon which there will appear a kind 
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ef tenacious Oil about the ſides of the Glaſs, and at the ſame time, the com- 
bination of the Alcohol, and Water, will be perfectly prevented. Hence then 
we ſee evidently, how many, and what ſingular, phyſical operations may be 
performed by means of fixed Alcali's, when they act upon thoſe Fluids that 
are prepared by fermentation, conſidering them as acting, either by an at- 
traction or repulſion of the Alcohol, or by an attraction of the Water alone. 
Nay, and theſe Alcali's act upon theſe Liquors yet in another reſpe& : For as 
every Spirit drawn by Fire from any ſort of Wine has always a volatile Acid 
mtermixed with it, hence the Acid being greedily attracted by the Alcali, the 
Spirit by this means becomes much more pure, as it is now freed from its in- 
herent Acids, and conſequently will be very different both in its nature and 
vertues, from what it was before this Operation. And the Alcali itſelf, like- 
wile, will at the ſame time be intirely altered, will become a compound of 
an Acid and Alcali, and if it is perfectly ſaturated in this manner, will pro- 
duce Sennertus's Sal Purgans de Tartaro. To this Obſervation, laſtly, we are 
indebted for a preparation of pure Alcohol, without diſtillation, or any aſſiſtance 
of Fire: For mix only a ſufficient quantity of Pot-aſhes with common Spirit 
of Wine, and ſtir them about till they are thoroughly mixed together, and 
the Water will run into the Alcali, and the Alcohol will ſwim at top, which, 
by a gentle decantation, will come off good the firſt time. If you doubt, 

however, whether it is quite pure or no, only put ſome more Aſhes into the 
Alcohol thus prepared, and by ſtirring them about, and then pouring the 
Liquor off, you may eaſily make it ſo. In this Operation, however, the 
Spirit of Wine always diſcovers a pinguious Oil, which before appeared nei- 
ther in the Spirit of Wine, nor the Alcali, but is then only generated when 
they are thus mixed together, 

In the fourth place, the power of theſe Alcali's manifeſts itſelf particular- Att d- 
ly upon diſtilled vegetable Oils. For if the moſt acrid, pure, dry Alcali is es Ol. 
thrown very hot into a diſtilled Oil, it attracts it violently into itſelf, with 
a mighty hiſſing noiſe, and unites it ſo well with its Subſtance, that there is 
immediately produced a kind of Soap, which is ſtill combined more cloſely, 

and brought to greater perfection by this mixture's being ſet in a ſubterra- 
neous place; for by this means both of them become ſemi-volatile and form 
a Maſs diſſoluble in Water, which is endued with excellent medicinal ver- 
cues, and is the Eus parvum Sapientum, the Sapo Helmontianus, the Sal-Volatile 
Tarlari Starkeianuum, and the Corrector Matthei. This fort of Medicine was ver 
famous, firſt in England, and afterwards all over Europe: For it powerfully 
ſoftens and reſolves almoſt every kind of viſcid concretion that is generated 
from the humours of the human Body: Hence it incides and attenuates the 
Saburra that clogs up the Veſſels, and at the ſame time it gently ſtimulates 
the Veſſels themſelves, and makes them act with a moderate impelus, and 
thus in both ways proves an aperient, and by Perſpiration, Sweat, and 
Urine, carries off the Matter of the moſt ſtubborn chronical diſeaſes, If it is 
digeſted roo with ſimple Subſtances, it alters them, and quite changes their 
natural diſpoſition, and by this means ſubdues the virulent efficacy of many 
of them, and imbues them with new vertues. Its medicinal power, however, 
as a univerſal medicine, which is the common fault of Chemiſts, has been too 
much extoll'd, But here let me caution you, that this combination can never 
| | Mm m 2 be 
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be effected, if there is the leaſt Water, either in the Alcohol or Oil, and 
conſequently, never by cold Salts. Nor will it ſucceed, if but a ſmall portion 
of the alcaline Salt ſtands above the Oil, and thus, by coming to the Air, 
grows ever ſo little moiſt. IE, | 
Alcali's are eaſily united likewiſe with the expreſs'd Oils of Vegetables, or 
even Animals, as is commonly ſeen in boiling them into artificial Soap by the 
aſſiſtance of quick Lime, Water, and Fire. And the Subſtance thus produced 
is wonderfully efficacious in a great many things, which wou'd otherwiſe be 
performed with a great deal of difficulty: But the chief of theſe are mention'd 
already under the former head. | 
But alcaline Salts, in a particular manner, attract all kind of Acids what- 
ever, whether produced in the Animal, Vegetable, or Foffil Kingdom, and 
that, whether dry or moiſt, pure or diluted. And this power of Alcalt's,. 
by which they thus attract Acids, is vaſtly greater than the ſame with reſpect. 
to Water: For in this action, by which they unite theſe Acids with themſelves, 


they violently expel the Air that reſides in the Salts, whence ariſe ſuch numbers 


of Air-bubbles, which ſuddenly appear, and then burſt afunder. Nay, and by 
this very combination, they even repel Water itſelf from them pretty conſide- 
rable 3 and when they are thus ſaturated, they will eaſily ſuffer themſelves to. 
be dried, or deprived of their Water, which before, when they were ſeparated, . 
they retained very tenaciouſly, Pure acid Oil of Vitriol, for inſtance, when 
it is alone, you can ſcarcely, by any Art, free from its Water; Oil of Tar- 
tar not without a great deal of difficulty: And yet when you mix them to- 
gether, the Water is expelled in ſuch a manner, that a Salt almoſt dry ap- 
pears in the Veſſel under it; as is evident in the Preparation of Tariarus Vi- 
triolatus. The ſame is true of other Acids likewiſe, when they are combined 
with an Alcali: And from this conſideration, many abſtruſe things in the 
Doctrine of Menſtruums may be eafily underſtood. But this Power, by which 
Alcali's thus attract Acids, is limited and confined within certain bounds; and 
hence there appears a vaſt diverſity among them, tho' this, indeed, is more owing 


to a difference in the Acids than in the Alcali's. This affair, the knowledge of 


which is exceeding uſeful, the egregious Homberg has very happily explained, 
as indeed he has every thing elſe he hasattempted, in the Mem. de l' Ac. Roy. des 
Se. T. I. p. 52. A few of the Obſervations, therefore, which he has there given 
us, with your leave, I will here lay before you. One ounce of Salt of Tartar, 
abſorbed all the Acid from 14 ounces of the beſt diſtilled Vinegar ; and hence, 
after it was dried, it was increafed in its weight 3 drachms, 36 grains; the 
remaining part of the Vinegar being mere inſipid Water. By this means, 
then, we diſcover the proportion there is between the Acid, and the. 
Water of the Vinegar. From Spirit of Salt, the ſame abſorbed 2 ounces 5 
drachms; and hence became 3 drachms, 14 grains heavier. From Spirit of 
Nitre, 1 ounce, 2 drachms, 36 grains; its weight being thereby increaſed 3 
drachms, 10 grains. From Aqua Fortis, it took up 1 ounce, 2 drachms, 30 
grains; gaining hence 3 drachms, 6 grains, in its weight. From Oil of. Vitriol, 5 
drachms; the increaſe of its weight, 3 drachms, 5 grains. As theſe, therefore, 


are the principal Acids, we may eaſily infer in the firſt place, that Acids, tho? 


very different in their ſpecific Gravity, when they have ſaturated an Alcali, 


are obſerved to have the ſame weight; for Vinegar, which is the lighteſt Acid 
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of all theſe, increaſed the weight of the ſame Salt of Tartar, as much as the 
Oil of Vitriol, which is the heavieſt, and moſt pure: The ſame too is true of 
the reſt, the difference between the greateſt and leaſt increaſe of weight, being 
no more than 31 grains, and that only in Vinegar, ariſing from the Tartarus 
Kegeneratus's being dried with a vaſt deal of difficulty. 2. Hence, therefore, 
Acids ſeem to differ chiefly in the quantity of Water they are diluted with, 
ſince the pure Acid, when it is extracted, diſcovers always the ſame weight. 
If 14 ounces, therefore, of the ſtrongeſt Vinegar, cou'd by any contrivance 
be reduced into 5 drachms of Acid, by ſeparating the Water from it, and col- 
lecting together the Acid without making any alteration in ir, wou'd then this 
collected Acid be as ſtrong as Oil of Vitrio]? This is certain, it wou'd be then 
capable of ſaturating the ſame quantity of Alcali. 3. We hence fee, Thirdly, 
how great a part of theſe Acids is Water; and that, therefore, it is probable, 
Fourthly, that if theſe acid Salts could be obtained pure without any Water 
at all, they would then appear in a folid form. This, however, has never 
yet been accompliſhed: Very intenſe Cold has come neareſt it of any thing, 
but not quite completed it. Hence likewiſe we may conceive what ſurprizing 
effects alcaline Menſtruums may produce, when they act upon Solvends that 
have any latent Acid in them; or upon thoſe that are actually conſolidated, 
and held together by an Acid, and hence when this Acid is abſorbed, fall 
again into their conſtituent Elements. How great an Efferveſcence is by this 
means excited? What a production of light Bubbles, that preſently mount 
up, and are continually burſting, and by this means cauſe a hiſſing noiſe, and 
generate a very elaſtic Air! But all theſe ſudden effects cannot be underſtood 
without a right notion of the Doctrine of Alcali's. But I muſt here take notice, 
however, that when this affuſion of an Acid to an Alcali is performed gradu- 
ally and cautiouſly in warm Liquors, and in a large Veſſel, and if at the ſame 
time the Veſſel is ſhook after every inſtillation of the Acid; then you will 
come at laſt to that temperament in which there will be no farther Ebullition: 
And this is called the point of Saturation. If you afterwards proceed to pour 
on the Acid, there will be no more agitation excited, then there is upon mix- 
ing Water with Water: And then the Compound thus produced, is neither 
Alcali nor Acid, but a neutral one concreted of both, which acquires its name 
from the Acid that ſaturated the Alcali. Hence the Acids have been called 
Males, and the Alcali's Females, and the Compound of them both, Herma- 

hrodites: The Alcali, the Vacuum; the Acid, the Implent : The Alcali the 

-haos, and the Acid the impregnating Spirit. This extraordinary Ebullition - 
and Efferveſcence, now, that ariſes between the Alcali and the Acid from the 
violent expulſe of the Air and Water, may be owing poſſibly to theſe Bo- 
dies impetuouſly driving out whatever lies between them, when they ruſh 
ſtrongly into mutual contact: And then this wou'd not ariſe from any diſa- 
greement, but an aſſociation of Principles. Will you hence, therefore, be in- 
duced to believe, that Acids abound plentifully with Air, but that Alcali's are 
without it? Certainly, the ſtrongeſt Alcali, taken very hot out of the Fire, 
and hence probably deprived of all its Air, will, if it is thrown into an Acid, 
produce a prodigious Efferveſcence. Is this the reaſon then, that Acids, 
when they are predominant in Animals, are ſo very flatulent ? Do the Salts pro- 
duced from. a combination of Alcali's and Acids, loſe the greateſt part of _ 
3 Ag 
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Air, and are they hence found to be ſo little flatulent in the human Body? 


Are for the ſame reaſon, Acids alone, or at leaſt aceſcent Bodies, diſpoſed to 
ferment ? And does there hence, in fermentation, ariſe ſuch a tumultuous Air? 


Ag ht if 8 


cure them quite pure. If any one, for inſtance, has thus made a Sal-Ammo- 
niac, from an alcaline Spirit of Sal- Ammoniac, and Spirit of Sea-Salt, he may, 
indeed, ſublime it, by expoſing it to the Fire, but he will not thus be able 
to ſeparate it into the ſaline Principles of which it was compounded, The 
ſame likewiſe is true of Tartarus Vitriolatus, Sal Marinus Regeneratus, Nitrum 
Reſuſcitatum, Tartarus Regeneratus, and others. There are, however, ſome 
methods found out, by which one may obtain this reſolution of compound Salts, 
into their conſticuent alcaline and acid ſaline Principles; and the knowledge of 
theſe will lead us into ſome of the moſt ſecret Arts of Chemiſtry. In order, there- 
fore, to get a proper inſight into thoſe, let us proceed to examine ſome farther 
properties of Alcali's. : > 8 
The attract-- Alcali's, therefore, attract all known Acids; tho? at the ſame time we muſt 
20 of Acids take notice, that they attract ſome much more powerfully than others. This 
wariou, aſſertion is abundantly confirmed by Experiments. If to an Alcali perfectly 
ſaturated with Vinegar, or Tartarus Regeneralus, you pour Spirit of Nitre, or 
Sulphur, or Vitriol, then the latent Alcali will attract into it that Acid, and 
repel from it the acid of the Vinegar with which it was before ſaturated ; and 
hence a Liquor, which will be nearly Spirit of Vinegar, may be afterwards 
drawn from this Compound with a moderate Heat, there remaining a conſide- 
rably fixed, regenerated nitrous Salt at the bottom of the Veſſel : and if you 
put to it Spirit of Salt, Sulphur, or Vitriol, the Alcali will in the ſame man- 
, | | ner 
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ner attract them, and let go the Acid of the Vinegar. Again, if you take 


an Alcali rightly ſaturated with Spirit of Nitre, and mix it with Spirit of Sea- 
Salt, there will ariſe in diſtillation an Agua Regia, and a nitrous Salt will be 


left at the bottom, but changed from its former nature. And if upon an Alcalt- 
perfectly ſaturated with Spirit of Salt ſo that it is become Salt, you pour Spi- 


rit of Nitre, the Compound, by diſtillation, will yield an Agua Regia likewiſe, 
and the Salt that remains at the bottom will be of a nitrous kind, containin 


an inflammable matter that will make it deflagrate, but yet will be ſomewhat 


different in its nature, both from the Salt and the Nitre. In theſe two caſes; 


therefore, as between the acid of the Nitre, and that of the Salt, there is no 


ſuch great difference with reſpect to their acid quality, each of theſe Acids 


ſeems in ſome meaſure to have diſlodged and driven out the other, by which 


means they both riſe mixed together, and both of them likewiſe, with the 
Alcali for their Baſis, help to make up the reſiduum. If you take an Alcalt 


ſaturated with Spirit of Nitre, and pour upon it Oil of Vitriol, a pure Spirit of 


Nitre is immediately expelled, and the acid of the Vitriol continues united with 
the alcaline part of the Nitre, and makes a Salt at the bottom, which has in 
ſome meaſure the nature of Tartarus Vitriolatus, tho? it differs from it in ſome 
of its qualities; but it has ſcarcely any thing in common. with Nitre. And 


laſtly, if upon factitious or natural Sea-Salt, you pour Oil of Vitriol, there 


preſently fumes up a very volatile acid Spirit of Sea- Salt, that poſſeſſes almoſt 
all the known vertues of it, except that it fumes more, is more volatile, and 
its Vapour is of a ſuffocating nature, till it is corrected by a repeated depuration. 
All theſe Experiments, therefore, certainly evince, that thofe Acids, which are 
naturally contained in a leſs quantity of Water, have a power of uniting them- 
ſelves with Alcali's, ſuperior to that of thoſe, which are naturally diluted with 
a greater. And this Rule, as far as I know, holds true, and may be laid down 


þ 


univerſally, that ſtronger Acids always expel from their reſidence in Alcali's, . 


thoſe Acids which leſs powerfully adhere to them. And then, Secondly, theſe 
ſtronger Acids always unite themſelves with that Alcali from which the weaker - 


Acid was expelled, and take poſſeſſion of the place in which that was ſeated 


before. Thirdly, the Salt thus regenerated, loſing the diſpoſition it had from 


the firſt Acid, which is now removed, puts on very nearly the.nature of that 


Salt, from which was drawn the laſt Acid which is now united with the Alca- 


line part. In the Fourth place, however, it muſt be confeſs'd, that betwixt 
the Salts thus produced, and thoſe native Salts. from which thoſe Acids were 


drawn, there 1s always ſome pretty remarkable difference. Thus, for inſtance, 
the Sal Mirabilis Glauberi, which is prepared by. diſtillation of Sea-Salt, with 
the beſt Oil of Vitriol, is of a very different nature. from that which is obtained 


from Oil of Vitriol, and Oil of Tartar combined together into Tartarus. Vitrio- - 


latus : Which is likewiſe obſerved in others. And again, the Salt which is 
procured by diſtilling Glauber's Spirit of Nitre, is quite another thing from 


his Sal Mirabilis, tho? both theſe are ſuppoſed to be produced from the ſame 
Acid and Alcali This rule, therefore, which has been laid down by the moſt 
famous Chemiſts, That Acids always convert Alcali's into their nature in ſuch a man- 


ner, that from theſe Compounds may be conſtantly regenerated thoſe Salts, which. before 


yielded thoſe Acids, is too general, and muſt be underſtood with ſome reſtricti- 


on, In the Fifth place, I obſerve farther, that when theſe Acids thus poured 


2 - 


3- upon 


5 


455 


"1% SIR 
R 4 
* A * 
% * p $ 
. . 1 8 
wa © „„ 
" "ai OE. 
- 


| RE Elements of CHEMISTRx, Part II. 
upon compound Salt, expel thence the Acids that were united with them be. 
fore, and unite themſelves with the remaining Alcali's, this new combination 
is effected without any conſiderable Efferveſcence : For the firſt Acid quits its 
| 7 place, and the laſt ſucceeds it without much conflict, notwithſtanding there 
= ariſes ſuch a prodigious ebullition, when a pure Alcali is mixed with a pure 
= Acid. Nor does it appear, that any Air is generated by this adunation, tho? 
in the other caſe it was expelled in ſo large a quantity. Does this happen, then, 
becauſe the Efferveſcence that was excited in the preceding Saturation, had ex- 
pelled all the Air, ſo that now the new Acid does nothing more than enter 
into the ſaturated Alcali thus deprived of its Air, and remains there without 
either expelling any Air, or attracting any? This certainly ſeems confirmed by 
this Obſervation, that if that ſecond Acid is expelled by a ſtronger Acid, and 
is then mixed with another Alcali, it will with that raiſe as violent an Effer- 
veſcence as the firſt did; ſo that in this Operation there ſhall be produced 
again the ſame Heat, Noiſe, and Air, whilſt in the compound Salt there was 
ſcarcely any ſuch appearance. Hence then we underſtand, the wonderful Me- 
tempſychoſis and Palingeneſia of theſe acid Salts : By theſe many philoſophical 
arts may be invented and cultivated : By theſe, many unheard of changes may 
be brought about in natural Bodies, of which there are at preſent no inſtan- 
ces, nor any known Inſtruments, and of which, conſequently, no account can 
be given from any other principles which mankind has hitherto been acquaint- 
ed with. Theſe things, Gentlemen, it was abſolutely neceſſary to lay clearly 
before you, whilſt we had Alcali's under conſideration as ſolvent Menſtruums; 
for in the application of theſe to various Bodies, you will meet with an in-_ 
finite number of Phenomena, which without the knowledge of this Doctrine, 
you could not poſſibly account for. 
Problems There are ſome other things, likewiſe, which occur upon this head, that 
bence raiſed. One would be ſtill farther induced to ſuſpect, but which require, however, a 
more mature inquiry, before they can be admitted as certain: Theſe, therefore, 
with your leave, I will here add by way of Problems? Do all fixed Alcali's 
owe their origin to Fire only, as their generating cauſe? Do all volatile Alcali's 
depend alone for their production, on a degree of Heat that is neceſſary to 
putrefaction? Is it poſſible in nature, that a fixed, or a volatile Alcali, if ex- 
poſed to the open Air, can long continue an Alcali? Or will they, by every 
where meeting with an Acid, or an oily Subſtance, be converted into a neu- 
tral Salt, ora Sapo ? Does not the ſame thing happen to them likewiſe in Vegeta- 
bles, and in the Bodies of Animals? Is there not by this means continually pro- 
duced a very large quantity of compound Salts, and of thoſe in particular which 
will ariſe from an Alcali, and that Salt whoſe acid is every where diſtributed? 
As natural Acids, therefore, or thoſe which are generated from Vegetables by 
Fermentation, are always, and every where preſent, does it not hence happen, 
that this compound Salt is moſt frequently of the nature of Tartarus Regene- 
ratus, or of that of the Spiriius Ophthalmicus Minderiri, which ariſes from the 
combination of a pure volatile alcaline Salt, with diſtilled Spirit of Vinegar, 
which is not acrid, but vaſtly penetrating and active, tho? at the ſame time not 
endued with much Taſte. But amongſt all theſe things, there is nothing, that 
for very weighty reaſons, deſerves - more to be examined into, than the origin 
and nature of thoſe Salts, which on account of their commonneſs and uſe we 
rent BY Eun ao Gln Fl = 
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are the moſt acquainted with of any, viz. Fountain-Salt, Sal-Gem, Sea-Salt, 
and Nitre. Concerning theſe, we would particularly inquire, whether they are 
produced by a combination of the Acid, into which they may be chemically 
reſolved, with a fixed vegetable Alcali? Or whether, on the contrary, they 
are ſimple Bodies, juſt as nature has generated them, and by the action of the 
Fire are rather changed in their diſpoſition, than ſeparated into their proper 
conſtituent parts ? The Chemiſts, certainly, eſpecially after Franciſcus Trava- 
ginus of Venice, and the famous Otto Tachenius, had publiſhed their Writings 
of Alcali's and Acids, have been of Opinion, that all theſe Salts were in rea- 
lity originally compounded of an Alcali and an Acid -that were before in be- 
ing, and that they then firſt appeared in the Univerſe. After a good deal of 
conſideration of this matter, however, it appears very probable to me, that 
the Salt in the Sea did actually exiſt before there was any the leaſt ſign of 
the acid Spirit of this Salt, or any fixed Alcali from burnt Vegetables to be 
found in the World. Nay, from Sea-Salt, no Mortal has been ever able by 
any Experiment whatever, to procure one Grain of a fixed Alcali. This, I 
myſelf, have ſufficiently experienced. Take any quantity of the pureſt, drieſt 
Sea-Salt, and by long rubbing, mix it intimately with three times as much 
very dry common Bole : Urge it then in a very ſtrong Fire in what manner 
you pleaſe, and it will yield but a certain proportion of acid Spirit of Salt; 
nor can you procure any more from it, tho? you increaſe your Fire to ever 
ſo great a degree. At the bottom of the Veſlel, then, there will always re- 
main the Bole, which will ſtill continue Salt. Take this, and with Water 
waſh out all the Salt, then filter it carefully, and form it into Chryſtals; and 
what will you by this means be able to procure ? For my own part, I can ſay, 

I never found any thing of an Alcali in it, but that it always ſtill remained 
| Sea-Salt. Beſides, as far as J have been able to inform myſelf, no Perſon 
living has ever diſcovered any ſuch thing as an acid Spirit of Nitre, or Sea— 
Salt, but what was produced by Art or Fire, from theſe pre-exiſtent Salts: 
And when this is the caſe, it ſeems much rather to ariſe from a real change, 
than a proper ſeparation of the concurrent parts. I confeſs, indeed, that theſe 
Acids, when they are poured upon alcalious Salts according to art, do pro- 
duce regenerated Salts, which ſeem to come as near as poſſible to thoſe Salts 
from which the Acids were drawn: But yet, ſtill there is always ſome difference 
betwixt theſe regenerated Salts, and the native ones. Theſe things, then, be- 
ing rightly conſidered, make it plain, that, we can't be ſo certain about the 
compoſition, and reſolution of theſe Salts, as thoſe. Gentlemen wou'd perſuade 
us. In the mean time, you obſerve, how cautiouſly we ſhould look about 
us, when we make uſe of Alcalrs in the ſolution of Bodies: For by the ac- 
ceſſion of ſomething elſe to them, theſe Alcali's may be immediately changed 
into another Salt, and act no longer by that ſimple alcaline vertue, which it had 
when it was applied, but according to the diſpoſition of the new Salt that is 
thus produced. But enough of this: Let us therefore proceed to ſomething 
Elſe. B MY Le | 2 | . 
In the ſeventh place, then, there is this very conſiderable in fix'd Alcali's, that a fred Al- 
when they are apply'd to certain Bodies that we wou'd have perfectly diſſolved, <liprocuces 
they ſeem, indeed, at firſt to effect this, but are preſently converted into Maſ- 
ſes that are ſcarcely to be diſſolved by any Menſtruums, and which are in their 
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nature as far different from Menſtruums as any thing can be. If, for inſtance, 
a hundred parts of pure Sand, or calcined Flints are reduced to a fine Powder 
like Flower, and then intimately mixed with a hundred and fifteen parts of a 
pure fixed alcaline Salt powdered likewiſe very fine; and this Mixture is then 
expoſed to a moderate Fire in a Glaſs-houſe arch for the ſpace of an hour, and kept 
conſtantly ſtirring, and afterwards, keeping it ſtill continually ſtirring, to a ſtronger 
Fire for five hours more; you will by this means prepare a matter, which will 
have the diſpoſitions neceſſary for making the choiceſt Glaſs. But if this, 
however, is then put up into a good dry Caſk, and ſet in a dry warm place 
for four or more months, the combination of the Alcali and the Flints will 
be ſtill farther perfected: If this Matter, then, thus prepared, is put into the 
Glaſs-houſe Pots, and expoſed to the intenſe Heat of the Furnace, it will 
melt into a thick, tenacious, pinguious kind of a Liquid; and whilſt it is 
boiling there, it will caſt upa Scum to the Surface, which continually increaſ- 
ing more and more, riſes often to a fourth part of the whole Maſs. When 
this Scum now is carefully removed, til] there appears no more of it, and the 
pure deſpumated Matter has been kept two or three days in fuſion, what then 
remains in the Pot, the Workmen call the Metal, which when it comes to har- 
den in the cold, produces the fineſt Glaſs. If this now was not evident from 
common Experience, what mortal living cou'd ever have imagined, that a ſol- 
vent Alcali, ſpontaneouſly diſſolving in the Air, cou'd, when it was rendered 
vaſtly active by the intenſeneſs of the Fire, be converted with the Solvend into 
a metalline Maſs perhaps, ſetting aſide its want of malleability? This property, 


therefore, of Alcali's, muſt by all means be inſerted in this account of the 


power of alcaline Menſtruums. For here, when the Alcali, by the action of 
Fire is made to flow like Water, it hence becomes capable of diſſolving the 
Powder of the Flints in the ſame manner, and by this very means becomes im- 
mediately fo altered itſelf, that it retains nothing of its former diſpoſition, but 
intirely acquires a new one. Hence, then, you ſee how Menſtruums, and 
thoſe very powerful ones too, may be joined in an indiſſoluble union with thoſe 
Bodies which they have moſt intimately diſſolved ; which concretion is always 
fo much the ſolider, as the Solution is more perfect. We learn, therefore, 
trom this Experiment, that Alcali's, whilft they perfectly diſſolve other Bodies, 
are hence ſometimes ſo altered themſelves, that they abſolutely loſe the nature 
of a Salt; for if there is any ſubſtance in Nature, that is intirely different 
from Salt, Glaſs, certainly, muſt by every-body be judged to be ſuch a one; 
notwithſtanding it is near a third part Alcali And in this Operation, is it 
not very remarkable, that this alcaline Salt, ſhou'd, in the very act of Solu- 
tion, fo immediately put off its alcaline Nature, as ſoon as ever it is converted. 
into Glafs? For of all the proper characteriſtics of an Alcali, there is not fo 
much as one left. It has loſt all its Tafte : It does not cauſe an Effer veſcence 
with any Acid: It makes no alterations in Colours: It becomes exceeding ſoft, 
and perfectly free from any cauſtic Acrimony: Nay, it is much more fix'd in 
the Fire when it is turned into Glaſs, than it was before, when it exiſted in 
form of an alcaline Salt. But how very difficult is it now to be put into fu- 
fion, as it requires fo ſtrong a Fire applied to it for ſo long a time to make it 
melt? And which is ſtill more ſurprizing, as ſoon as ever it begins to flow, 


and is converted into Glaſs, it becomes a tenacious Maſs cohering together like 


Pitch, 
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Pitch, and is ſo ductile, and pliable, that you may form it into whatever 
ſhapes you pleaſe: Nay, and if you thruſt an Iron into it, it will fo adhere 
to it, as to come out of the Melting-pot with it, and be retained upon it. 
But we ſtill farther obſerve here with admiration, that from two Bodies ex- 
ceedingly opake, concreted into one ſolid ſubſtance, ſhould be formed one ſo 
pellacid, that in the beſt ſort of it we find the tranſparency of pure Water. 
And laſtly, to detain you no longer, we ſee here a Body produced by ſo- 
lution, and that from a fixed alcaline Salt, which of all Salts is the moſt 
ſoluble, which itſelf cannot be diſſolved by any known Menſtruum whatſoever. 
Upon this, neither Water, Spirits, Oils, acid, alcalious, ſimple, or compound 
Salts, nay, nor the very Spiritus Vini Philoſophicus, the Sales Circulati Phi— 
loſophorum, nor even the Mercurius Philoſophorum has any influence: For the 
Adepts bona fide aſſure us, that all theſe Menſtruums are produced within glaſs 
Veſſels: Nay, and they unanimouſly agree, likewiſe, that all their digeſtions, 
diſtillations, circulations, fixations and ſolutions of all Bodies whatſoever, 
they perform with their Menſtruums in Glaſs alone, And, which is ſtill more, 
even the ſecret Operations of the Alcaheſt itſelf, by which they tell us, all 
Bodies are converted into Water, are brought to perfection in glaſs Veſſels, 
without their ſuffering from it any manner of alteration. Do not we, then, 
hence evidently learn, how difficult it is for a Philoſopher to explain the 
origin of a given natural Body? How vaſtly hard to aſſign the Principles of 
which it was at firſt compounded, by plainly reſolving it into thoſe Princi- 
ples, in ſuch a manner, i by compounding them again certainly to produce 


the ſame kind of Body? If a man was perfectly acquainted with every other 

part of Natural Philoſophy, but know nothing at all of the Art of Glaſs, 

what judgment, with all his {kill and application, could he make of a piece 

of Glaſs that ſhould be given him to examine? Certainly, as far as I am 

able to judge, he would not find the leaſt indication by which he could 

poſſibly ſuſpe& that this Subſtance was concreted in an intenſe Fire, from 

an alcalious Salt, and calcin'd Flints? What a taſk then do the Philoſophers 
undertake, when poorly furniſhed with Experiments, they diſpute about the 

origin, nature, and principles of natural Chryſtals, and even Gems them- 

ſelves? We had better, certainly, in theſe caſes, confeſs we are in the dark, 

than to hope ſuch mighty things from our narrow capacities, For the dif- 

ficulty of coming rightly at the knowledge of theſe things does not depend 

only upon the nature of the concurrent Principles, but alſo upon that ſurpriz- 

ing effect of Fire, by which thoſe very Principles are altered at the time they 

are coaleſcing into one Maſs. 1 

Having thus, then, examined into the origin and nature of alcalious Men: Difference of 

ſtruums, and explained their effects upon various, and, indeed, the principal auh se 
kinds of Bodies, we muſt obſerve, before we proceed, that from what has to their 
been ſaid it appears, that more or lels of the acid Salt contained in the Ve- F 
getables, by burning which the Alcali was produced, may ſtil] adhere to it; 
and, conſequently, that this alcaline Salt will be of a different nature from 
what it would have been, had it been perfectly free from this Acid. And 

the ſame muſt likewiſe be conceived of the adhering Oil and Earth. ence, 
therefore, according to the various proportion of theſe Principles, the common 
Alcali's will be very different. Nor ay this reaſon is it at all a wonder, that 
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ſome writers ſhould give us an account of Experiments performed by Alcali's, 

| which, upon being afterwards tried by others, would not ſucceed ; for it is 

| not unlikely, but that the alcaline Salt they made uſe of was of a different 
nature, 1 | 1 5 

Fremother But there is likewiſe a very ſurprizing cauſtic, and confuming quality 

Bodies added communicated to Alcali's, by mixing them according to art with Quick- 


wo them Lime, made of burnt Oyſter-ſhells, or ſtony Sea-plants, but, particularly, of 


alcalious calcin'd Flints. For by this means ſuch a fiery, acrid, Alcali is 

produced, as being boiled with them, will ſoften and diſſolve almoſt all the Solids, 

both of Animals and Vegetables; ſo that here you have the moſt acrid, al- 

caline Solvent procured from the ſame matter, which, we obſerved before, 

produced mild, unactive Glaſs, viz. this Cal and an Alcali. Nay, and this 

Alcali, when it is thus rendered more acrid with Quick-Lime, and is dried 

with a pretty ſtrong Fire, will eaſily melt almoſt the Wax; and hence, if 

any Bodies are thrown into it, it acts upon, and diſſolves them in a very par- 

ticular manner. Was this the ſecret which ſome of the ancient Alchemiſts 

made uſe of, when they tell us they performed ſome very ſingular Opera- 

tions, by means of an Alcali that melted with a gentle Fire? Nt not 

this poſſibly be their Sal Tartari inceratus, ſo called, becauſe, like Wax, it 
diſſolv'd fo eaſily in the Fire? | 

Limits of aa We have now, I think, treated ſufficiently of Alcali's. In the mean time, 

Alcali however, it is neceſſary I ſhould juſt obſerve to you, that Alcali's act with 

no diſſolving power upon pure Mercury; for compound theſe two Bodies 

together in whatſoever manner you pleaſe, the Mercury is not found to 

ſuffer any alteration. And hence, therefore, upon thoſe Metals, which the 

Adepts tell us are made up of the pureſt Mercury, and an igneous, metal- 

lic, ſulphureous, fixed Spirit, . with regard to the mercurial part, they are 

able to effect nothing by way of ſolution. Gold, therefore, and Silver, to the 

+ beſt of my knowledge at leaſt, ſuffer no alterations from Alcali's. Upon 

* the other Metals, indeed, an Alcali is found to act with more efficacy; per- 

. haps, becauſe theſe have ſome other Matter united with their mercurial part, 

which coming near to the nature of an Oil, or a Sulphur, is more expoſed 

to the action of an alcaline Salt. And as theſe external Sulphurs do not ſuf- 

fer themſelves very eaſily to be ſeparated from the metalline Glebe, with 

which they are concreted, hence it often happens, that whilſt alcaline Salts 

are acting upon the Sulphur, they ſeem to induce a change, likewiſe, upon 

the mercurial part which is cloſely united with it, though, in reality, they 

don't at all affect the nature of the Mercury, This I learnt evidently in 

melting common Antimony with Salt of Tartar; for the whole Subſtance, as 

well the mercurial part of the Antimony, as the ſulphureous, was diſſolved into 

one brown Maſs, without any Regulus ſubſiding. But if you take Regulus of 

5 Antimony, from which the external Sulphur is firſt ſeparated, and melt it with 

| a fixed Alcali, then the Alcali, when it 1s in fuſion, ſwimming at top, will ex- 

| tract ſtill ſomething of Sulphur, and by this means tinge the alcaline Salt with 

1 a golden colour ; and at the ſame time, the reguline, mercurial part of the 

"= Antimony which lies under it, will become purer, and of a finer Titver 

i 1 | colour. Hence then the power of Alcali's, conſidered as Menſtruums, upon 

Metals, feems to be limited; for though you apply them even to calcin'd 


Metals, 
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Metals, they don't appear to be able, by the action of Fire, to penetrate 
into that Sulphur which fixes their Mercury into the form of particular Me- 
tals. Certainly, after all the contrivances that have been made uſe of, the 
production of a metallic Mercury, by the aſſiſtance of fixed Alcali's has not 
ſucceeded. Nay, the very greateſt Maſters of the Art, after ſo many Expe- 
riments made for this purpoſe, have declared, that they believe theſe Mercu- 
ries have been ſeen rather in idea, than in fact. For my own part, after 
taking a great deal of pains in this matter, I confeſs, the event has not an- 
ſwered, as has been promiſed, If, therefore, thoſe things are true, which Boyle, 
Tachenius, Homberg, and others have wrote concerning the reſuſcitation of the 
Mercuries of Metals, there muſt be ſome ſecret method of making the reſuſ- 
citating Alcalrs penetrate eyen into their Axing Sulphur. hs 
Paſſing theſe things by, therefore, the firſt and principal vertue of Alcali's 1 aan, 
ſeems to be this; that if they can but be applied, and determined in their 
action upon animal, vegetable, or foſſil concretions, whether fixed or volatile, 
ſo far as they are of an oily, balſamic, gummy, reſinous, or gummy-reſinous 
nature, and therefore howſoever concreted from oily ſubſtances, they inti- 
mately open, attenuate, and reſolve them all, and diſpoſe them to be perfect- 
ly miſcible with Water, Alcohol, and Oils; the ſame effect, likewiſe, they have 
upon pure, proper Sulphurs, or theſe compounded and mixed with other ſub- 
ſtances. Hence Alcali's come to be the principal inſtrument in extracting 
what the Chemiſts call Tinctures. By the help of theſe are prepared, accord- 
ing to the opinion of theſe Gentlemen, at leaſt, the moſt noble Medicines. 
Gum-Ivy, Juniper, Lac, Myrrh, and others, are not diſſolved by Water, or 
Alcohol, without a great deal of difficulty; but if they are firſt properly pre- 
pared by theſe Alcali's diluted and heated, they diſſolve in them very eaſily, 
and if they are then dried with a gentle Fire, they will excellently give out 
their vertues in ſolution, In the ſecond place, when the elements of any Bo- 
dies are concreted together by means of a Gluten, or an Acid, interpoſed 
between them, then theſe Alcali's often bring about the Solution deſired, by 
attracting into them the coagulating Acid, and by this means removing the 
Vinculum, and ſetting the Elements again at liberty. We are ſenſible, in- 
deed, that theſe Acids are often ſo intimately united with ſome Bodies, that 
they won't be very readily, nor ſo perfectly fetched out the firſt time by 
theſe Alcali's; but ſtill at laſt they generally yield to them: Mercury, when 
it is once accurately corroded by Spirit of Nitre, and then by the action of 
Fire converted into Mercurius precipitatus Ruber does not, upon pouring on 
of Oil of Tartar per Deliquium, immediately return to fluid Mercury, but is 
changed into another Powder; bur yer if this is put into a retort, and forced 
off from this alcaline Salt, with a ſtrong Fire, the Mercury will leave its 
Acid united with the Alcali, aud will recover again its priſtine form. In the 
third place, if to ſame Bodies, when they are diſſolved into their ſmalleſt 
Particles by an acid Menſtruum, you apply pure Alcali's, theſe Alcali's often 
acquire a new vertue, by which being more intimately admitted to theſe Ele- 
ments, they diſſolve them much more efficaciouſly than if they had acted 
upon the ſame Bodies without this previous corroſion by the Acid. And hence 
we ſee, that in moſt of the methods by which the Alchemiſts have or | 
| e 
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ed to procure fluid Mercury from Metals, they firſt order you to calcine 
them with Acids, and then mix and agitate them with Alcali's. eln cen 

A In the laſt place, now, it is neceſſary we ſhould ſay ſomething of volatile, 
Alcai- alcalious Menſtruums. Whether any volatile Alcali, then, ever naturally ex- 
iſted, as ſuch, before the putrefaction or diſtillation of Animals or Vegetables, 
I won't pretend abſolutely to determine. Some perſons, perhaps, may be of 
opinion, that that ſingular Salt, which is found in chalybeate Waters, ſhould 
be referred hither ; but this I think muſt not be done without proper delibe- 
ration, as this cannot by any Art whatever be made to reſemble the other 
volatile Alcali's, in all its characters; though it may be more properly, in- 
deed, referr'd to theſe, than to Acids, as the famous Hoffman has elegantly 
proved in his writings upon this ſubject. The Bodies, however, of all Ani. 
mals whatſoever, and thoſe of Vegetables, that will putrify, are conſtantly fo 
altered and diſpoſed by putrefaction, as to have their ſaline Principle become 
a perfect volatile Alcali The acrid Vegetables that we formerly mention- 
ed will yield theſe Salts, by ſimple diſtillation ; as do all Animals, likewiſe, 
that have been hitherto examined. And laſtly, if the juices of Animals, not 
yet alcalious, are mixed with a fixed Alcali, they are ſo changed, that the 
other part being attracted into the fixed Alcali, they inſtanly fend forth an 
alcaline Vapour, and by the action of the Fire yield immediately a volatile 
Alcali. This Salt, now, though produced after fo many different manners, 
if it is perfectly purified according to art, will have exactly the very ſame 
appearance, and the ſame vertues: And theſe vertues are pretty nearly the 
ſame as thoſe of fixed Alcali's, though in ſome meaſure, however, they dif- 
fer from them in their effect, as plainly appears upon comparing them to- 
gether. Volatile Alcali's, ſpontaneouſly, or in a very ſmall degree of Hear, 
are always themſelves in motion and action: Fixed Alcali's require a much 
greater aſſiſtance from the Fire, to make them efficacious. Volatile Alcali's 
ſoon fly off by Heat, and conſequently from the Subſtance to be diſſolved, if 
heated, and therefore do not continue applied to it in ſuch a manner as to be 
able to exert its power upon it; whereas fixed ones, on the other hand, by 
means of the Fire that keeps them in agitation, perſiſts to act conſtantly up- 
on the Body expoſed to them, if that is itſelf of a fixed nature, and does 
not quit them, When volatile Alcali's, however, are made to adhere to the 
ſolvend Body, they then, in a moderate Heat, become vaſtly efficacious, and 
that too very quickly. This appears evidently in the pure Alcali of Urine, 
which, if you apply it to the human Body, and cover it over with an adhe- 
five Plaiſter, there inſtantly ariſes in the part, Heat, Pain, and an Inflamma- 
tion, ſucceeded by a black, gangrenous Eſchar, and an Eroſion to the very 
Bones. Theſe differences, then, being thus taken notice of, the other pro- 
perties of volatile Alcali's may be learned from the Hiitory of the fixed ones. 
Let us, therefore, briefly take a view of, 


5 Acid Menſiruums. 
Native, v-- The phyſical character of an Acid has been given already; and upon 
gctable Acids examination it has appeared, that Acids rarely exiſt in a ſolid form, except | 
in the eſſential Salt of acid and auſtere Plants, and in Tartar, But whatever a 
Acids have been found in Vegetables, and Foſſils, I have never yet known 
— 2 | ANY. 
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any proper to Animals. Vegetable Acids are either native, or 
the help of Fermentation. Native vegetable Acids, ſeem to owe their origin 
intirely to the Juices that the Plants draw out of their. mother Earth 
and hence, perhaps, all theſe may, in this reſpect, be look'd upon as of the 
nature of Foſſils, eſpecially as the Plants, that grow in the Sea, and have 


not their Roots inſerted into the Earth at its bottom, conſiſt purely of alcaleſ- 


cent parts, and in diſtillation yield an oily, volatile Alcali, as the illuſtrious 
Count Marſilli, in his Writings upon this head, informs us, he long ago ob- 
ſerved. In fome Vegetables the native Acids diſcover themſelves evidently ; 
as in Sorrel, the Trifolium Acetoſum, and the Juice of all Fruits, whether the 
Pulpous, or Summer Fruits, eſpecially before they are ripe, for afterwards, 
being concocted by the warmth of the Sun, they in ſome meaſure loſe their 
acidity, and grow more mild. In the ſpring time, too, when Vegetables be- 
gin to put forth, and ſhow again new ſigns of Life, the Juices often contain 
a perfect Acid, nearly like that of Vinegar. In other Vegetables there is 
likewiſe a true Acid, but it lies more concealed, as in Woods, and Aroma- 
tics. In Guaiacum, Saſſafras, Cinnamon, and a vaſt many more, who 
_ would ever have expected an Acid, if it had not appeared ſo evidently by 
diſtillation ? In the nobleſt BaJſams, who would have thought of any ſuch 
Acid as Turpentine, when it is diſtilled, yields ſo eaſily, and in ſuch great 

abundance? Theſe Acids, indeed, can ſcarcely be obtained pure, but are 
blended with other Bodies, and hence it is exceeding difficult to treat clearly 
of their proper action: The vertue of ſome of them, however, upon certain 
Bodies, is evident, as we ſee the freſh Juice of Oranges, Citrons, and Le- 
mons, diſſolves Lead, Tin, Co 
them, as well as foſſil Acids. Theſe acid Salts, however, are formed into 
ſolid Glebules, in a different manner ſrom the other. viz. by taking the 
very thin, expreſſed, acid Juices, filtering them, inſpiſſating them, and then 
letting them ſtand quiet, till they ſhoot into ſaline Chryſtals; of theſe I have 
ſhewn you ſome every year procured from Sorrel, which are exceeding like 
Tartar, and have the true native vegetable acidity. E7 

But fermentation ſeems more and more to exalt the latent Acid of Vegeta- 
bles. For the Juices of Vegetables that are exceeding ripe, and ſweet, appear 
to have hardly any thing of acidity in them, as we ſee evidently in the ex- 
preſſed Juice of Grapes, Caſſia, Manna, Honey, and Sugar; and yet when 


produced by 


pper, and Jron, and pretty ſtrongly calcines 


Acids, liquid 


and ſolid, 


call'd yvanouss 


theſe are rightly fermented, and ſet a working, an Acid may be pre- 


ſently drawn from them, but eſpecially when the Wine begins to grow finer 
and more ſubtil. In ripe, mealy Corn, is there the leaſt indication of an 
Acid? And yet when this has fermented but a very little while, it diſ- 
covers an acidity. As theſe Acids, now, thus produced, are of a ſomething 
different, and more ſubtil nature than the native ones; hence, to diſtinguiſh 
them, we may be allowed, for the future, to call them vinous Acids. Theſe 
vinous Acids then are of two ſorts; for either they are diſperſed through the 
Wine, in form of liquid Acids; or elſe in time collect themſelves together in 
the Wine, and fix themſelves to the ſurface of the Veſſel, in the ſolid form of 
Tartar. And theſe fermented vinous Acids have pretty nearly the fame vertues 
as the preceding native ones. 1 

| ut 
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But the Acids of Vegetables, now, produced by a ſecond fermentation, 


with your leave, I will call by the name of acetoſe ones. For if any known 
Wines are with acid, rough, crude ones, made to undergo again a proper 


acetoſe fermentation, they will be converted into (Aceta) .Vinegars, will con- 


ſume their proper Tartar, become much more acid, and will acquire a ſtronger 


Fermenting 


Acids. 


called Aceta too, as appears evident in the Aceta Philoſophorum. | 
But among theſe Acids, we muſt take notice, likewiſe, of fermenting 


and more durable Acid, which will remain even in diſtillation : Hence in Vi- 
negars there is obtained a pure, active Acid, and then they are called pure, 
diſtilled, acetoſe Acids. Theſe laſt, now, are of ſuch incredible ſervice and effi- 
cacy in the chemical art, that hence all other Menſtruums, likewiſe, have been 


Acids; by which we mean, vegetable Juices, that are in the very act of fer- 
mentation, and thus in a kind of middle ſtate between their natural one, and 
that which they paſs into when the fermentation is perfectly compleated; for 
during this time, the moſt elaſtic part of the fermenting Liquid acquires ſuch 
a power as is not to be equalled by any thing I know of in all nature. For if 


this (Sylveſtris) Sylveſtrian, incoercible, exploſive, acid Spirit, riſing from a 


vaſt quantity of fermenting Vegetables, ſhould paſs through a very ſmall vent- 
hole into the noſtrils of the ſtrongeſt man, it would ſtrike him dead in an inſtant, 
If it does not act with all its force, it cauſes a ſudden Apoplexy ; if lefs pow- 
erfully ſtil], a Childiſhneſs, with a Paraplegia 3 if very lightly, only a Giddineſs. 
The truth of all this has been too certainly evinced by melancholy inſtances, 
Hence we come to have a more perfect idea of the more immediate cauſe 
of drunkenneſs, and the tremors upon the Nerves, that are a conſequence of it. 
And hence we ſee the occaſion of that ſurprizing Phenomenon mentioned by the 
illuſtrious Cornaro, in his noble treatiſe wrote in the praiſe of Sobriety, where 
he tell us, as he grew in years, he was annually, Juſt before the time of vin- 
tage, troubled with a Languor, and lowneſs of ſpirits, which would not give 
way to any Medicine, or Regimen, but increaſed fo as to become extreme, 
till, upon drinking new Muſt, he recruited his exhauſted Spirits, and return- 
ed again to his former Vigour : This, then, he continued to enjoy till the 


Wine of that year began to grow old, and then relapſed into his uſual debi- 
lity, and was forced to wait f 


or a freſh recruit of new Wine to ſet him to 
rights again. From all this then we evidently learn, what an incredible effect 
this fermenting Acid has upon the Bodies of Animals, either for their detri- 
ment, or their advantage. Whence does it happen, that the Cholera Morbus, 


in ſo ſhort a time becomes ſo fatal? Certainly from Muſt, and ripe Summer 


Fruits, actually fermenting in the Stomach, and ſmaller Guts, and by the ex- 


ploſion of their Spirits, contracting the Muſcles of theſe parts into ſpaſms, that 


often prove mortal. Of this there is a remarkable inſtance: in the Britiſh 


Philoſophical Tranſactions, where that excellent Anatomiſt, St. Andrew, gives a 
very accurate account of the Body of a Man that fell into a Cholera, upon 


drinking a large quantity of bottled Ale, of which he died, in the manner 


there deſcribed. As by theſe accounts, now, the ſingular efficacy of ſuch an 
Acid does evidently appear, ſo likewiſe it ſeems exceeding probable, that thoſe 
Spirits, conſidered as a Menſtruum, produce often upon other Bodies very ſur- 

rizing effects. And I have ſometimes doubted, whether this wonderful Spirit 


is not fixed in Tartar, and afterwards, when by the action of the Fire, in the 


diſtillation 
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diſtillation of this Salt, it is ſet at liberty, does not produce that elaſtic 
Vapour which the Chemiſts have always obſerved to be fo vaſtly powerful, 
as to be able to burſt to pieces all their Glaſſes, let them be ever ſo large. 
In the mean time, however, this is certain, that if Bodies that we want to 
be diſſolved, are pdt into fermentable ſubſtances, in the very act of fermen- 
tation, they will be diſſolved by them in a very different manner from what 
they would have been, had they been mixed with them, when they were not aſſiſted 
by this fermentative power, This is evident in throwing green Herbs into 
Wine, or Ale, when they are working ; for hence you have a Liquor in which 
all their vertues ſeem to be moſt equably united into one and the fame Li- 
quid, and afterwards to act with a joint efficacy. And thus the different in- 
gredients in Theriaca, when they are mixed together with Honey, are reduc- 
ed into one homogeneous Maſs, and conſpire together in the ſame opera- 
tion. 
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But pure, thin, acetoſe Acids, are procured pretty much in their natural Acid e 


form, from Vegetables expoſed to the Fire : For if you take a ſtick of Wood 
a green one in particular, and lay it upon a clear Fire, in ſuch a manner, that 
both the ends ſhall lie out, then the Fire acting upon the middle part of the 
Wood will fuſe the humours that are contained there, and in form of Water 
drive them out of the extremities with a hiſſing and froth: And this Liquor, 
when it is examin'd, appears to be a pure Acid, has all the properties of Acids, 
and the diſſolving qualities common to them. Hence, then, we learn, how 
the Smoke of Wood, that which is green in particular, makes the Eyes ſmart 
ſo violently, viz. by the acrid Acid which it diſperſes all about. This, like- 
wiſe, when it penetrates into Fleſh or Fiſh, that are hung in Smoke, tinges 
them with a red colour, and by its acidity prevents their growing putrid, or 
rancid. And this Acid is exceedingly like thoſe that exiſt naturally in moſt 
T rees. 7 | | | 


table by 
5 burning. 


But again, there are diſcovered other very ſingular Acids, that are in ſome Ihe ame 
meaſure of a balſamic, and oily nature, which are drawn from Vegetables by iftilled. 


Fire in a cloſe Veſſel, both per adſcenſum and deſcenſum. Thus the Wood of 
Guaiacum, Juniper, Oak, and a vaſt many others, if you reduce them to dry 
Shavings, and carefully diſtill them in a Retort, yield a limpid, reddiſh Liquor, 
which is very acid, ſomewhat oily, and has a good deal the ſmell of a Her- 
ring dried in Smoke. And the Liquid thus prepared is ſtrongly acid, eſpecially if 
it is depurated by Filtration, and letting it ſtand quiet, called rectification; and 
the acid ſolvent vertue of this Menſtruum is perfectly ſingular. In the human 


Body it produces wonderful effects, by attenuating, preſerving, ſtimulating, 


and reſiſting putrefaction, and carrying off the noxiqus Matter by Sweat and 
Urine. If in theſe Menſtruums, therefore, the medicated vertues of Plants 
are diſſolved, the ſolutions become exceedingly efficacious; as they act by 
their very ſubtil, penetrating, ſingular Acid, and exalt the qualities of the 
Bodies diſſolved in them. Of all theſe vegetable Acids, therefore, it is true, 
that they are capable of intimately diſſolving many animal, vegetable, foſſil 
and metalline Subſtances: By digeſtion and coction they diſſolve the Horns, 
Hoofs, Bones, and Fleſh of Animals: The Shells of F ich, and other Animals, 
they perfectly corrode into a pellucid Liquor: And Metals they diſſolve, as I 
hinted before, except Mercury, Silver, and Gold. 
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Art, therefore, has ſought out and diſcovered other Acids, which are able 
to diſſolve Mercury, Gold, Silver, and other Foſſils, which were unaffected by 
vegetable Acids, and hence were not eafily managed by the power of human 
Bodies. For vegetable Acids may, by the action of a ſtrong healthy Body, 


_ Eſpecially if aſſiſted by a conſiderable motion, be ſo changed, as to loſe 


Native, very 
rare. 


In Sulphur. 


their Acid nature, and be converted into another kind of Salt: But thoſe. 


Acids that we are at preſent acquainted with, which are capable of diſſolv- 


ing Mercury, Gold, and Silver, are not ſo eaſily ſubdued by the concoctive, 
animal powers, but being ſuperiour to them, for the moſt part deſtroy them, 
And hence theſe become almoſt Poiſon to Animals, except in a very few 
caſes, where a putrid Alcaleſcence prevails, as when alcalious Poiſons are 
taken in by them, or in a putrid ſtate of the Humours, as where the virulence 
of 1 Plague, or the ſudden putrefaction of the Small Pox are to be dealt 
with. ; | 
Foſſil, native Acids, now, are found to be very few, ſince it has been diſco- 
vered, that the medicinal Waters once looked upon as acid, approach, in every 
character, nearer to an Alcali. There is often, indeed, a Vapour obſerved in 
Mines, which reſembles a ſuffocating, ſulphureous Acid, and by other 


marks demonſtrates its acidity : But it is exceeding ſeldom that it is found alone, 


and very pure, in form of a Fluid. | 
But whenever it happens, which is very often the caſe, that it meets with 
a ſolid Body, that is capable of attracting that Acid, it then unites with it, 
and becomes fixed, and capable of examination: And when it is afterwards 
drawn out of that fixed Body, it then falls under the notice of our ſenſes, and 
_ as far as one is able to judge of it, appears to be always one and the- 
ame. | 
For, as I formerly took notice to you, if it lays hold of a pinguious Foſſil, it pro- 
duces the various kinds of Sulphurs, which if they are burnt, emit Fumes, which 
being collected, refrigerated, and mixed with the humid Air, yield the Spirit, or 
Oil of Sulphur per Campanam. If you take this, now, and put it into a clean. 
glaſs Veſſel, and expoſe it a good while to the heat of boiling Water, you will 
diſtill from it a conſiderable quantity of pure Water, which, whilſt the Sulphur: 
was burning, had inſinuated itſelf out of Air into the Acid; and there will 


then remain at the bottom a ponderous, thick, cauſtic Acid, which in every 


In Alum. 


In Vitriol 


of Iron, 


character reſembles the pureſt Oil of Vitriol, except in this alone, that it contains. 
nothing of a volatile Metal, which is always more or leſs in Oil of Vitriol. | 

But if this acid happens to get among Lime-ſtones, and corrodes them, it 
then produces Alums, which are of different kinds, according to the diverſity of 
the matter that is mixed with them. All theſe, now, if they are firſt lightly 
calcined, and then with an intenſe Fire urged into Vapours, will by the con- 
denſation of theſe yield a Liquor, which, when it is purified according to art, 
is the very ſame with the former procured from burning Sulphur, without any: 
difference at all. ons 

Again, if you take native green Vitriol, and by the help of a moderate Heat 
reduce it to a dry, 'white Powder, and then by gentle degrees expoſe it to the 
Fire, till you come to the greateſt, it will emit white, cloudy Vapours, which. 
collected into a Liquor, and accurately depurated, is the very ſame again as 
was obtained from the Sulphur, and Alum, | 55 
| he 
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The blue vitriol, likewiſe, if it is treated in the ſame manner, gives a liquid, In Calca- 
which is the ſame with the former, nor can be diſtinguiſhed from them, when 
it 1s rectified according to Art. All theſe acid Liquors, now, if they are urged 
with a heat of 560 degrees, boil, emit white cloudy Fumes, which diſperſe 
themſelves about, and float to great diſtances, - and deſtroy all Animals we 
are acquainted with, even Inſects themſelves. If they happen to be drawn into 
the human Lungs, in their full force, they preſently excite an acute Cough, 
not to be removed, and then a ſuffocating, fatal Dyſpnæa, with ſudden death: 
Or it from ſome concurring circumſtances they don't act ſo violently, they 
bring on a moſt troubleſome Aſthma, that continues during life. And the 
very fame effect has Oil of Sulphur, Alum, Vitriol of Copper, and 
Copperas, as ſoon as ever, by the action of the Fire, they are raiſed into Vapours, 
by combuſtion, diſtillation, or ebullition. Nay, and take any of theſe Acids, 
which you pleaſe, unite it with a pinguious Oil, and it produces a Sulphur ; 
with Lime-Earth, an Alum; with Iron, Vitriol of Iron ; and with Copper, 
Calcanthum: From all theſe conſiderations, then, we are induced to believe, that 
the native acid, ſo ponderous, and difficult to boil, which is found in the foſſil 
Kingdom, is always one and the ſame, that is to ſay, if you conſider it as ex- 
iſting in form of a pure Acid. The properties of this Acid, now, are, firſt, 
that it is naturally the heavieſt of all Acids. To Spirit of Nitre its ſpecific 
gravity is as 11 to 9: To Spirit of Salt, as 11 to 8: To Agua Fortis, as 11 
to 9: And to diſtilled Vinegar, as 11 to 7, nearly, Mem. de Ac. Roy. des. Sc. 
1699. p. 47. Secondly, it is of all Acids the moſt fixed; for in the heat of 
boiling Water it never emits any Fumes, except by means of the Water that 
adheres to it, not of the Acid itſelf: If you urge theſe Acids, however, with 
ſomething more than 560 degrees of heat, they will then boil ; and at the ſame 
time will ſend forth noxious Vapours. In the third place, theſe Acids, being 
perfectly freed from all their Water, by a ſtrong Fire, and hence being render- 
cd very pure, heavy, and acrid, very greedily attract into them Water out of 
the Air, and by this means dilute themſelves, and increaſe their weight. Fourth- 
ly, the ſame thus rendered very pure, grow very hot immediately, upon the 
_ effuſion of cold Water. In the fifth place, this Acid induces ſuch an altera- 
tion on Sea Salt, Fountain Salt, and Sal-Gem, by the aſſiſtance of Fire, that 
in diſtillation they yield a Spirit of Salt; mixed with Nitre, it cauſes a Spirit 
of Nitre to riſe from it; and if it is mixed with many other Bodies, diſſolv- 
ed by acid Spirits, it ſets them free from their ſolvent Acids, by diſlodging them, 
and rendering them volatile, whilſt it often takes poſſeſſion of their place itſelf. 
Upon this principle it is that Alum, and Vitriol, if they are firſt calcined, and 
then mixed with Nitre, yield Aqua Fortis; if with Sea Salt, Spirit of Sea Salt: 
For in the Colcothar there {till remains a latent Acid of Vitriol, exceeding by 
ſtrong, and ſo fixed, that the Fire was not able to expell it, which being mix- 10 
ed with the Nitre, makes the acid Spirit of the Nitre riſe into Aqua Fortis, 
which is the pure Spirit of Nitre, without any mixture of Oil of Vitriol; but 
at the ſame time, that part of the vitriolic Acid which remained in the Calæ 
of the Colcothar, is left at the bottom with part of the Nitre, and produces 
there an exceeding fixed Salt, like Nitrum Vitriolatum. And the caſe is the 
ſame in the Sea Salt. In the ſixth place, it readily diſſolves Iron, Copper, 
ſomewhat ſlower, Silver with a good deal of difficulty, and Mercury not in wa 
16 Ooo 2 than 


. 
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than 360 degrees of Heat: Lead and Tin it don't diſſolve at all. In other 
reſpects, this Acid agrees with the reſt. It has this too in common with ſome, 
that it will perfectly diſſolve Camphire into a liquid Oil, which by the ef. 
fuſion of a good deal of Water, may be recovered again into true Cam- 


Pphire. 


But there is another ſort of foſſil Acid, likewiſe, that is procured from Ni- 
tre, nor ever was diſcovered any where, even in the ſmalleſt quantity, till it 
had been firſt drawn from that Salt. For if you take Nitre, and intimately 
mix with it three times as much Bole, Clay, Brick-duſt, or any thing of the 
like nature, and urge it with a very ſtrong Fire, a great part of it will be 
converted into red Fumes, which being collected into a Liquid, are called Spi- 
rit of Nitre. Or if you diſtil] dry Nitre, with an equal quantity of Oil of 

Vitriol in the ſtrongeſt Sand-heat, but gradually increaſed, -you will then like- 
wiſe from red Fumes have the ſame Spirit of Nitre. Or laſtly, if you rub 
Nitre with an equal quantity of the Calx of red Vitriol, or Alum, and then 
urge it with a very great degree of Heat, it will then again emit the ſame 
Fumes, and from them yield a ſpirit of Nitre, which is as good, and as pure, 
as the former, but is then called by the Artiſts Aqua Fortis, Aqua Stygia, and 
Aqua Docimaſtica. This Spirit, now, howſoever prepared, is the ſame in eve- 
ry mark, and every property ; for if there is any difference, it ſcarcely diſco- 
vers itſelf by any Experiment. And it has this peculiar in it, that when it 
grows very hot in the Fire, it always ſends forth very red Fumes, and diſſolves 
Silver into very bitter cauſtic Chryſtals ; which Solution is proper to this Spi- 
rit, and can ſcarcely be. effected by any other Acid, even pure Oil of Vitriol 
not doing it without difficulty. It diſſolves Mercury, likewiſe, Lead, and Cop- 
per. Gold it does not affect; and ſcarcely diſſolves Tin. This Acid, when 
it has diſſolved its Metals, and intimately mixed itſelf with them, adheres to 
them with a conſiderable force, ſo as to remain united with them, in a pretty 
ſtrong Fire. This appears evidently in Silver diſſolved in this manner, which 


ſuffers itſelf to be melted into the Lapis Infernalis, without letting go its cor- 


roding Acid. Mercurius precipitatus Ruber, too, when it is rightly fixed, how 
long will it reſiſt an intenſe Fire, before it parts with the Acid that adheres 


to it? 
ane Se- Sea-Salt, as Nitre, when it is pure, diſcovers no ſign of an Acid, but if it 


is treated in the ſame manner we juſt now mentioned of Nitre, it is changed 
into a volatile acid Liquor. For if to prevent its melting, you mix it with 
three times its weight of Earth, and then urge it gradually till you come to 
the greateſt degree of Fire, it will be diſſipated into denſe, white Fumes, that 

float about, are very volatile, and being collected form a Liquid of a golden 


or green Colour. If you diſtill it. with Oil of Vitriol, you have the ſame Li- 


quor, but more volatile. And if you mix it with the Fzces*of diſtilled Alum, 
or Vitriol, and afterwards expoſe it to a very ſtrong Fire, it will then like- 


wiſe give out the fame Spirit of Sea-Salt. And theſe Spirits, prepared in theſe 


three different ways, are intirely one and the ſame. Nay, and they will be the 
fame, if you Aa fs them with Sal-Gem, Fountain, or Sea-Salt. This Spirit, 


now, has this peculiar in it, that if it is drawn from the pureſt Salt, and you. 


xepeat the diſtillation upon freſh pure Salt, when it begins through the violence 
the Fire to grow exceeding hot, it emits white Fumes, and diſſolves Gold, 


which 
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which no other Acid in nature is able to penetrate; It likewiſe diſſolves Tin, 
Mercury with a flatulent noiſe, Iron, and Copper. Silver it does in no 

manner affect; nor perfectly diſſolves Lead: So that this again is an Acid per- 

fectly ſingular in its kind. | 

Hence, therefore, it appears, that Spirit of Nitre, and Spirit of Salt, are d Anu 
two perfectly diſtinct things, tho! at the ſame time they ſurprizingly approach ih 

to one another, and are converted into one another with wonderful eaſe. This 

certainly, then, in the Hiſtory of Menſtruums, ought well to be conſidered, and 

is as follows. If Spirit of Nitre is cohobated in a glaſs Retort upon Nitre- 
that is exceeding dry, and purified with the utmoſt ſkill, ſo that there is not 

the leaſt grain of Sea-Salt in it, you will then have the very choiceſt Spirit of 

Nitre, growing better and better upon every cohobation, and fitter for the Ope- 

rations proper to this Spirit. But if this cohobation is performed upon com- bis 

mon Nitre, which is not purified by chryſtallization, then the cohobated Spirit | | = 

of Nitre will loſe the nature of Spirit of Nitre, and will acquire the diſpoſi- - 
tion of Spirit of Sea-Salt, or Agua Regia, and will diſſolve Gold. If we care- | FR 

fully examine, now, this extraordinary Phenomenon we ſhall eaſily perceive, that | 195 

to this natural Nitre there muſt adhere ſomewhat of Sea-Salt, which intermixes | 86 

itſelf with the nitrous Spirit in diſtillation, and thus from Spirit of Nitre produces 70 

Aqua Regia. And this again appears evident from the following Experiment. 

Take one part of pure decrepitated dry Salt, reduced to Powder, put it into a 

clean Retort, and pour upon it four parts of good Spirit of Nitre, or Aqua 

Fortis, Diſtill it then according to Art, to- the utmoſt dryneſs, keeping your 

Sand-heat very ſtrong to the laſt 5 and the acid Spirit which is thus procured, 
will be no longer Agua Fortis, but Agua Regia; which will diſſolve Gold, but 

will not touch Silver. If you examine, then, the Salt, that remains at the bot-- 

tom of the Retort after this Operation, by Solution, Filtration, and Chryſtal- 
lization, you will have a true, pure, inflammable Nitre. Da Hamel. Hiſt. de 
Ac. Roy. des Sc. p. 158. Boyl. Or. Forms. p. 215. Again, if you take one 
part of the pureſt Nitre, and two of the beſt Spirit of Sea-Salt, and diſtill them 
in a proper manner in a Retort, there will come off a Spirit which will diſ- 
ſolve Gold much eaſier and ſooner, than Spirit of Sea-Salt. And the Salt now. 
again that remains at the bottom after the ſtrongeſt diſtillation, if you diſſolve 
it in Water, filter, and chryſtallize it, appears to be a good inflammable Nitre. 
Boyle. Ib. from p. 215. to 224. Bobn. Chem. 35, 36, 163. Hoffm. Dijert. 

Chem. Pbyſ. L. iii. Obſ. 20. Hence, therefore, it appears that Aqua Fortisbe- =_ 
comes Aqua Regia, as ſoon as ever Spirit of Nitre and Spirit of Salt come to 4 2 

be mix'd together, in whatever manner, and almoſt in what proportion ſoever: = 

Nay, and if to Aqua Fortis you add Sal- Ammoniac, Sal. Gem, Sea-Salt, Foun- 
tain-Salt, the Sal Febrifugus Sylvianus, or true Spirit of Salt, in all theſe ways 
there is conſtantly produced Aqua Regia. A N , 

Thus then we have given you the Hiſtory of Acids as it ſtands at preſent. Corolla, 
And in this, it is particularly remarkable in the firſt place, that Acids are ſo | Him 
eafily generated from Non-acids 3 as appeared above in the Acids of Vegetables, | 1 
Wine too, not at all acid, has, by being cloſe ſtopped up in a clean Bottle, and 15 
tied to the Sail of a Wind- mill, been converted in three days into good Vinegar, 
according to the Obſervation of Monſieur Homberg. Mem. de Þ Ac. Roy. des Sc. 
T. II. p. 11. But in the ſecond place, it deſerves well to be taken Ry 4 | 

| | | ad, CW 9 
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likewiſe, that Acids, when they are once produced, will bear the Fire for 4 
long time and be ſcarcely altered : F or Aqua Fortis, Aqua Regia, Spirit of Nitre, 
Spirit of Salt, and Oil of Vitriol, being included in Glaſſes hermetically ſealed, and 
expoſed for four years to the equable Heat of an Athanor, retained the ſame diſ- 
ſolving power: Vinegar only was grown inſipid, and had acquired an aro- 
matic Smell; and the Spirit of Salt had begun to corrode the Glaſs. In the 
third place, however, theſe ſame Acids loſe their acid nature, whilſt they act 

as Menſtruums upon ſolvend Bodies. This Monſieur Homberg very ingeniouſly 
inferred from a tedious Experiment performed with Mercury and Spirit of Ni- 
tre. Du Hamel. Hiſt. de P Ac. Roy. des Sc. p. 442, 443. Hence, therefore, it 
appears, that the ſtrongeſt acid Menſtruum, is, by diſſolving its object, con- 
verted into an inſipid, unactive Fluid, not unlike Water, and deprived of the 
proper ſolvent Power which it had before: And hence, perhaps, it is not im- 
probable, that theſe Acids are generated, and periſn. For what Perſon living 
has ever diſcovered any Spirit of Nitre in the World, which was not firſt pro- 
cured from pre-exiſting Nitre? And yet Nitre is produced from Earth, filled 
With animal Excrements Lime and an Alcali, and Air; or from pure Spirit of 

Nitre attracted into a pure Alcali, particularly a fixed one. Rich and fruit- 
ful Lands too, defended from the Rain, and perfectly prevented from con- 
ſuming their ſtrength by nouriſhing of Vegetables, are all found by length of 
time to be impregnated with a fruitful Nitre, if you take care that no Sea- 
Salt ſhall come at them. Boy] Scept. Chem. p. 177. Hence, then, it is evi- 
dent, that the acid Spirit of Nitre is, by the ſole action of the Fire, produced 
from pure Nitre, altered ; whereas native Nitre is produced without any ſuch 
Spirit firſt exiſting. In the fourth place, therefore, theſe Acids, whilſt they 
diſſolve Bodies, become concreted with them, are changed, and converted into 
new ones, and thus from one, give riſe to a great variety: For Spirit of Ni- 
tre diſſolves Silver, Lead, wonderfully changes Tin, Copper, Mercury, Nitre, 
Antimony, Zincq, and Emmery, and with them forms new Bodies, that are 
different in Taſte, Smell, Colour, Denſity, and all their effects. Boyl. Mec. 
Qual. 118, 119. In the fifth place, all theſe Acids agree in ſome particulars, 
but differ in others. . 1 Te] 

They agree, with regard to the Efferveſcences they excite by being mixed 
with Alcali's, and the production of new Salts that ariſe from this combination. 
As likewiſe, in their compoſition with Chalk, Corals, Crabs- eyes, Pearls, Mo- 
ther of Pearl, the Shells of Cockles, Limpins, and Oyſters, Stones, Bones, 
Hoofs, quick and ſlaked Lime, Iron, and Copper: For all theſe are gene- 
rally diſſolved by all ſorts of Acids ſooner or later, whether it is effected quiet- 
ly, or with a great impetus. Theſe Bodies, now, when they are thus diſſolved, 

always attract into them the acid of the Solvent out of the Water, in which 
that Acid was before diluted: And the diſſolved Matter being by this means 
united with its ſolvent acid Salt, may afterwards be diluted in Water like a Salt, 
ſo long as its Acid adheres to it; tho* theſe Bodies before this Mixture were no 
ways diſſoluble in Water. But when this Acid is again by any method re- 
moved from the diſſolved Matter, then this conſtantly appears again in form 
of an Earth, which moſt ſtrongly reſiſts a Solution in Water. Hence, then, 
it appears, how very much we may be impoſed upon by Water, whilſt judg- 

ing of it by its appearance, we make uſe of it in our Operations for pure ele- 
| mentary 
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mentary Water; whereas, in reality, it may contain in it various kinds of 
diſſolved Bodies, together with their Solvents. And hence it comes to paſs, 
that Effects are frequently ſuppoſed to be produced by ſimple Water, which 
in fact, are owing to theſe latent Solvends and Menſtruums. And this, indeed, 
happens the more eaſily, becauſe, Metals excepted, Acids in general, when 
they are accurately united with the Bodies abovementioned to a perfect Satura- 
tion, they loſe all their Acrimony, and for the moſt part all their Taſte, and 
thus lie perfectly concealed. * With of Spirit of Nitre, diſſolve 4. 
drachms and 9 grains of Crabs-eyes, as it generally will, and let the Solution 
be carried accurately to the point of Saturation, and you will have a limpid, 
and almoſt inſipid Liquor; let this then be diluted with very pure Water, 
and filtered, and let it ſtand for ſome time in a moderate Heat, and it will: 
appear like clear Water ; and yet; if you drop into it a ſtrong fixed Alcali, 
the diſſolved Body will all precipitate to the bottom, which a Perſon not ap- 
prized of the contrary, might ſuſpe& to be produced from the Water itſelf. 

"Theſe Acids farther agree in this, that by diſſolving Bodies, they not 
only become united and concreted with their Solvends, but are likewiſe at the 
ſame time changed in their own nature: For it is demonſtrated by undeniable. 
Experiments, that the moſt acid Acids, whilſt they corrode their Objects, are 
truly changed by them, and put off the diſpoſition, not only of an Acid, 
but a Solvent likewiſe. Thus Spirit of Nitre, for inſtance, when it has cor- 
roded Mercury, and is ſeparated from it again, preſently. loſes- the power of 
diſſolving it any more. Another property of Acids in common, is their turn- 
ing vegetable Juices of a red Colour, as appears in the Turnſole, Roſes, and 
Violets, And again, they all agree in this, that they do not ſo much alter 
the Bodies they diſſolve, as they are altered by them themſelves. This is found 
to hold true in almoſt every caſe. Vinegar in diſſolved Lead, does not con- 
tinue Vinegar there, nor is ſeparated Vinegar again; but the Lead is reco- 
vered perfect Lead. Spirit of Nitre diſſolves Mercury, and the Mercury is 
procured from it again exactly the ſame; but the Spirit of Nitre, when it is 
ſeparated, is nothing like what it was before. Hence, therefore, laſtly, this like- 
wiſe is common to all Acids, that many of them are continually deſtroyed. 
But theſe Acids, now, on the other hand, differ very widely firſt of all, 
in the proportion between their true Acid, and the Water it is mix'd with. njgrenece- 
Thus in an ounce of the beſt Vinegar, there are 18 grains of pure Acid, and Acids 
all the reſt Water: In an ounce of Spirit of Salt, 73 grains of true Acid, the 
reſidue pure Water: An ounce of Spirit of Nitre, gives 2 drachms and 23 
grains of Acid, the reſt Water :. The ſame quantity of Aqua Fortis, 2 drachms 
26 grains: And, laſtly, an ounce of Oil of Vitriol yields 4 drachms and 65 
grains of Acid, according to the Obſervations of Monſieur Homberg. Hiſt. de 
Ac. Roy. des Sc. T. L. p. 52. In the ſecond place, this fame Acid, when it 
is pure in every particular ſort, differs ſurprizingly in its diſſolving power: 
For the Acid of Nitre boiled with Gold, has ſcarce any effect upon it, except 
changing it black; whereas it diſſolves Silver preſently : And the contrary is 
true of Aqua Regia, Hence then it appears, that the Acid does not act there as 


The quantity of Spirit of Nitre is not added, and our Author fays it is not neceſſary ; nor indeed is it abſolutely ſo, as it- 
will be determined by the Saturation: But then why he ſhould mention ſuch an odd quantity of Crabe-eyes, as 4 drachms - 
9 grains of Crabs-eyes, and add ur ſolet facere, I can't imagine» | | 
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an Acid in general, but as a Body endued with a peculiar vertue. In the thir 


place, Acids differ likewiſe in this reſpect, that whilſt they diſſolve their Ob- 
jects, ſome of them are changed a great deal more than others. Spirit of Vine- 
gar for inſtance, in diſſolved Lead, becomes an oily pinguious Spirit: But 

pirit of Nitre, whilſt it corrodes Tin, is not altered in this manner, Fourth- 


ly, the ſame Acid is very much changed by acting upon ſome particular Bo- 


dies, but very little or nothing if it acts upon others. Thus diſtilled Vinegar, 
in the Solution of Lead, is altered in the manner I juſt now obſerved ; if it cor- 
rodes Iron, it loſes all its former nature, nor can be ever recovered from it again; 
but if Copper is corroded by it into a Mould, and then diſſolved into a green 


Liquor, and from this you procure Chryſtals, theſe Chryſtals will contain an 


exceeding ſtrong Vinegar, and if you diſtill them in a Retort with a great 
degree of Fire, you will have a very ſtrong acid Spirit of Vinegar, ſcarcely at 
all altered, tho?” it adhered ſo tenaciouſly to the Copper. Hence, therefore, it 
appears, what different changes are induced upon Acids by being united with 
different Metals; which is true in other Bodies likewiſe. . All Acids in general, 
now, may be diluted in Water. They may be mixed with Spirits, as Spirit of 
Nitre with Alcohol, with a prodigious Heat, very red Fumes, and an Effer- 
veſcence which almoſt burſts out into Flames. They may be combined likewiſe 
with Oils; Spirit of Nitre, ſometimes, with ſuch an agitation as excites Fire 
for the moſt part with an intenſe Heat. Oil of Vitriol likewiſe, mixed with 
Alcohol, and Oils, makes the Compound vaſtly hot. But whenever Acids are 
intimately united with Oils, they almoſt always produce ſomewhat of a bitu- 
minous, pitchy, or ſulphureous Subſtance 3; whence often ariſe very extraordi- 
nary changes. Thus, then, I think I have laid before you ſuch an account of 
acid Menſtruums, as is ſufficient to enable you to judge of their action. We 
muſt now, therefore, briefly take under conſideration thoſe called the Neuiri, 
Hermapbroditi, Compoſiti, and Enixi. 8 | 


Of neutral Salis, as Menſtruums. 
And here let us firſt examine Sal Ammoniac. This is very eaſily diluted in 


Water, nay and in a moiſt Air diſſolves into a very acrid, and ſurprizingly 


penetrating Brine, which moſt happily attenuates, incides, opens, and reſolves 
the thick, viſcid, pituitous, and pitchy concretions formed in animal Bodies, 


and then expells them by Perſpiration, Sweat, Urine, and Salva, and ex- 


cellently too reſiſts putrefaction. And for the ſame reaſon, if this Brine is 
boiled, or digeſted, with the Gums, Reſins, or Gum-Reſins of Vegetables, 
it intimately reſolves them, and diſpoſes them to be conveniently diſſolved in 
aqueous, and fermented ſpirituous Menſtruums. Upon Metals, likewiſe, it has 
beautiful effects. If you boil Filings of Iron in it, they are ſurprizingly diſ- 
ſolved, and converted into an excellent reſtorative aperient Medicine. If you 
boil or digeſt it with Filings of Copper, it gives a Liquor of a beautiful Co- 
lour, a few drops of which taken in a morning faſting, has often done great 


things in the Epilepſy, and Worms. On theſe accounts, this Brine affords a 
noble Menſtruum in the Animal, Vegetable, and Foſſil Kingdom. But when 


the exceeding pure dry flowers of this Salt are rubb'd for a long time, and 
accurately mixed with Foſlils, and they are afterwards ſublimed together in a 
Sand-heat, and in a cloſe Veſſel, they then, as a Menſtruum, acquire inimita- 

* ble 


| Ir ED 
ble vertues. Hence the Chemiſts have called it the Aguila Alba, and the 
Piſtillum Sapientum. Sulphurs, ſulphureous Subſtances, Semi-metals, and Me- 
tals, treated in this manner, are vaſtly attenuated, opened, rendered volatile, 
and perfectly altered: And hence are prepared ſuch excellent Medicines, as can 
ſcarcely be equalled by any other Art; witneſs the flowers of the Lapis He- 
matitis, the Eus Veneris, and Ens Martis, not to mention many more. What is 
more ſurprizing, than the various changeable Colours of Antimony thus pro- 
duced from a black one ? Let it ſuffice to take notice only, that many of the 
Philoſophers have called this Salt, the Key, that is to admit us into the more 
profound parts of chemical knowledge. It has certainly this excellent quality, 
that it is ſcarcely altered at all by ſublimation, except by means of ſome other 
Bodies joined with it. If it is mixed with Agua Fortis, or Spirit of Nitre, 
it immediately converts theſe Liquors into Agua Regia. If with fixed alcalious 
Salts, it is inſtantly changed into a very pure volatile Alcali, acting afterwards 
in that character, and into a new Salt pretty much reſembling Sea-falt. From 
Spirit of Sea- ſalt perfectly ſaturated with a pure volatile alcaline Spirit, Sal- Am- 
moniac is produced; as it is likewiſe from Sea-ſalt, Urine, and Soot mixed. o- 
gether. Hence then it appears to be a true ſemi - volatile Sea - ſalt; and on his 
account its whole power, as a Menſtruum, may be reduced chiefly to that of 
Sea-ſalt, Hence too it can never be made better than by ſubliming it ſome 
number of times in a Veſſel accurately cloſed, from the pureſt, drieſt, decre- 
pPitated Sea- ſalt; for by this method are prepared the choiceſt flowers of Sal- 
 Ammonaac. | | - 3 | | 
Sea · ſalt comes next in order, which, as I have often taken notice of already, Sea-Salt 
is not only found in the Sea, but is dug likewiſe out of Pits, and procured too N. 
from Fountains : Theſe three ſorts, therefore, being perfectly the ſame, I ſhall 
deſcribe them altogether under the name of Sea-ſalt. - This Salt being, either 
by means of the Sea, Fountains, or Pits, diſtriouted all the World over, 
proves a univerſal 1 againſt putrefaction. It readily diſſolves in Wa- 
ter, and in a moiſtiſh Air ſpontaneouſly runs into a very ſtrong Brine, which 
gives us the moſt beautiful, and defecated Menſtruum of Sea: ſalt, the Effect of 
which, with regard to chemical purpoſes, is almoſt the ſame as has been aſcrib- 
ed to the Brine of Sal- Ammoniac, and which therefore may be applied to the 
ſame uſes. This Sea · ſalt being ſet upon the Fire, will decrepitate, and then, 
ina dry, hot Veſſel, may be readily reduced to a Powder, and melted in the 
Fire, at which time it will eaſily inſinuate itſelf through the Pores of the Veſ- 
ſel it is fuſed in, and fo diſappear in the Fire. But when with this Salt thus 
in fuſion, you mix Foſſils, Metals, and Semi-metals, there are very ſtrange 
alterations produced, peculiar, and different from all others. I took myſelf 
8 ounces of moiſtiſh Sea- ſalt not decrepitated, and 2 ounces of common Anti- 
mony reduced to a Powder; and after they had been accurately mixed by = 
rubbing them a long time together, I put them into a Crucible, which I co- 
vered with another inverted, and cloſed them together with a ſtrong Lute, 
Theſe being thus prepared, I put them in the Fire for four and twenty hours, 
and then urged them with ſuch a Heat as to melt the Salt, after which the Cru- 
cible being opened, I found a blackiſh-brown Maſs, at the top of which 
there ſtood up ſome white Spicula. I reduced the whole again to Powder, and 
luted the Crucible as before, and then obtained a reddiſh-brown Maſs at the 
| — tle, —pÞ— — bottom 
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bottom of which there was ſomewhat of a more metalline nature. I repeated 
the ſame again a third time, and when it came to melt, almoſt all the Salt ran 
through the Crucible, and at the bottom I found a Maſs of Antimony, which 
was of a reddiſh- yellow, and ſurprizingly changed. By this inſtance, then, it 
appears, how this Salt, as a dry Menſtruum, acts with the aſſiſtance of Fire. 
There are an infinite number of other Operations, to which it may be ap- 
plied with a very different effect, than what wou'd be produced by any other 
Salt, Hence in Cementations, this Salt mixed with Brick-duſt in a dry 
form, is made uſe of to many beautiful purpoſes in the exaltation, ſeparation, 
and maturation of Metals, concerning which Paracelſus wrote ſo largely in his 
Works, what other Perſons ſince have found to be true. Among other 


things, we may take notice, that if dry Sea-ſalt is mixed with Brick - duſt, and 


expoſed to the Fire, it will be converted into a volatile acid Spirit reſembling 
Aua Regia, which will then act upon metalline Glebes like Agua Regia, and 
hence perform very ſingular Operations. Vid. Paracelſ. de Cæmentis, & Gra- 
dationibus. But when by the method above-mentioned in the deſcription of the 
acid ſpirit of Sea- ſalt, this Sea · ſalt is converted into a Spirit, and this Spirit 
again, by diſtillation, is drawn off from ſome of the ſame pure, decrepitated, 
dry Salt, and cohobated a good many times, you then obtain a ſingular and 
wonderful ſolvent of Sea- ſalt. Theſe are tedious Labours, I confeſs, but they 
are uſefull ones; and therefore, if you have a mind to repeat them after me, 
you may do it in the following manner. In two pounds of ſpirit of Sea- ſalt, by 
adding a little and little at a time, I. diſſolved as much fine dry powdered Sea- 
falt, as it wou'd poſſibly take up. This Liquor, by letting it ſtand quiet, 
and filtering it, F made exceeding pure, and then put it into a tall Bolthead, 
and fitting another ſmaller one into it, luted them well together, and expoſed 
them to the Heat of the Sun, from the tenth of May to the tenth of July. 
I then difti]Pd this Liquor in a Retort with a gentle Fire, till there remained 


at the bottom a thick pinguious Liquid, that appeared like a thinner kind of 


an Oil, in which there were hard Chryſtals of Sea- ſalt. When this was done, 


I poured the diſtilled Liquor back again, and repeated this three times, con- 


ſtantly drawing off the ſame quantity I put on; and at laſt there was left a 
fpongy, oily, pinguious Salt at the bottom. This Operation I afterwards re- 
peated with all poſſible care and accuracy for-five and twenty times more, and 
then took what came off upon the laſt diſtillation, and poured it back again 
upon the reſiduum, and let them ſtand thus mixed together for five months. 
E then, with a very gentle Fire, drew off a Phlegm that was almoſt inſipid, 
and when I perceived a very acid Spirit begin to riſe, I fixed on another Re- 
ceiver, and urging it with a little ſtronger Fire, there came over a very acrid, 


acid, heavy Oil of Salt. This I ſer aſide by itſelf ; and after all theſe diſtilla- 


tions, the Salt that remained at the botton of the Retort, was ſtil] very acid, 
and conſiderably fixed. This I then put into a glaſs Plate, and expoſed it to 


the Air in a ſubterraneous place, where it run per deliquium. When this 


* It's pretty remarkable here, that our Author does not ſay that he actually did depurate this Liquor, 
&c. and then procure from it this noble Solvent; but ſays, when it is depurated, &c. ſuch a one 
may be procured, and refers us to Paracelſus. Nor in the next ſentence, tho” he fays he took all this 
pains to learn whether what Paraceſſus ſaid. was true, does he tell us whether it is ſo or no. 


Liquor 
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Liquor is afterwards depurated by filtration, and mixed again with the Phlegm, 
Spirit, and Oil of Salt, that came off firſt, there is produced, upon a new 
diſtillation, a Liquor of thoſe ſolvent vertues, that fully anſwer all our trouble. 
Vide Paracelſ. x. Archidox. C. 4. I was willing, Gentlemen, to take all this 
pains, to learn, if I could, what truth there was in what Paracelſus had aſſerted. 
Mr. Boyle, after a proper and long protracted digeſtion, by a moderate ſand heat, 
procured from Sea-Salt, without any thing mixed with it, a Spirit, without 
any Phlegm, and before any Phlegm aroſe. Nine parts of Sea-Salt being 
diſſolved, filtered, depurated, and chryſtallized, yield one part not to be formed 
into little Glebes, which is rough, auſtere, and ſal ine: This being ſeparated, the 
Salt becomes purer. Du Hamel. Hiſt. de l' Ac. Roy. des Sc. p. 16, 17. If a per- 
ſon then conſiders all theſe things, he won't wonder, that the greateſt Maſters 
have aſcribed ſuch extraordinary vertues to Sea Salt chemically prepared, 
both in Menſtruums, and Medicines: Every one will ſee what method it ought 
to be prepared by. 
and afterwards purified, hence eaſily becoming alcaleſcent, and fixed, and be- 
ing as readily again convertible into a volatile Acid, is of a pretty ſingular 
nature, conſidered as it acts upon Bodies, as a Menſtruum: And its opera- 
tions, indeed, are often ſo intricate, that it is ſcarcely poſſible rightly to 
comprehend them; which happens chiefly from its being ſo mutable in the Fire 
itſelf, when it is mixed with other ſubſtances. If it is expoſed to the Fire, pure 
and dry, as it ſo ſoon runs with other Bodies like Water itſelf, hence, though 
they otherwiſe would not melt without a great deal of difficulty, it wonder- 
fully promotes the fluxing them, and attenuates, divides, and mixes them to- 
gether, even though you ſuppoſe it to act here with no other vertue. For this 
reaſon, perſons who are employed in fuſing of Metals, make uſe of Nitre for 
forwarding their work. But in the ſecond place, if there is any thing in the 
| ſubſtances mixed with it of an oily, pinguious, ſulphureous nature, this imme- 
diately, in a melting Fire, detonates with the Nitre, with a great impetus, takes 
fire, inſtantly excites a prodigious Heat, greatly raiſes the ſtrength of the Fire, 
applies it more violently, and hence vaſtly changes, divides, melts, and ſepa- 
rates Bodies, and in a very different manner from what can be effected by any 
other contrivance. But at the ſame time, the Nitre itſelf likewiſe loſes the na- 
ture of Nitre, and acquires that of Sal- Polychreſt, which has quite another 
diſſolving power from what the Nitre had from which it was produced. Hence, 
therefore, there are three various actions of Nitre upon Bodies in the Fire; 
one before it deflagrates with them; a ſecond during the time of deflagration; 
and a third when it is perfectly over. In the third place, when Nitre is melted 
with Vegetables that turn to a Coal, it then, likewiſe, is put into a very great 
motion, violently agitates and diſſolves the ſolvend Bodies, and at the ſame rime 
ſends forth wonderful active Fumes, which being aſſiſted by the Fire, penetrate, 
and diſſolve every thing. And laſtly, when it is thus converted into a fixed Al- 
cali, it won't then melt without the ſtrongeſt Fire, and has then acquired the 
quality of an acrid, penetrating Alcali, though always of a particular nature ; 
and hence again it begins to act as a fixed, alcaline Menſtruum, and thus ob- 
| tains and exerts a new diſſolving power: But this was treated of before in our 
Hiſtory of alcalious Menſtruums. In the fourth place, if the ſame Nitre fus'd 
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with its ſolvend Bodies, happens to meet with any Earth, Stones, Alum, Vi. 
triol, Brickduſt, or the like, it is immediately converted into a very acid, vo- 
latile, ſnarp Salt, which being agitated with ſo great a Heat, penetrates, 
diſſolves, and induces prodigious changes upon the Bodies it is mixed with, act- 
ing in this caſe like Agua Fortis, with one part, whilſt the other part that re- 
mains at the bottom acquires a new, and very different ſolvent power. Hence, 
therefore, we ſee how wonderfully efficacious this Salt muſt be, when it is 
uſed like a Cement with metalline Glebes; for then it is converted into ſuch 
corroſive Spirits, which at the ſame time make great alterations in the Me- 
tals. But this J have ſufficiently explained in our account of Acids, to which, 
therefore, give me leave to refer you. Again, in the fifth place, if pure Ni- 
tre is fuſed in an intenſe Fire, and is kept in the Fire with the reguline part of 
Antimony, it becomes a perfect cauſtic Stone, which acts in a manner that 
cannot, as I know of, be imitated by any other Salt: For this Salt is exceeding 


fixed, vaſtly difficult of fuſion, and of an uncommon, igneous acrimony. Hence, 


therefore, it appears what a wonderful diſſolving efficacy this Salt muſt have, 
when, together with Regulus of Antimony, it is applied to Bodies in the Fire. 
Sixthly, if upon Nitre, when it is in fuſion in a clean Crucible in the Fire, you 
throw powder of Sal- Ammoniac, it will take fire in the ſame manner as if a 
live Coal was thrown into it, but ſomewhat ſofter; and it is by this means altered 
every moment, and becomes of another nature, till at laſt, being perfectly 
faturated, it will not take fire any longer upon throwing in of the Sal- Ammo- 
niac, but is converted into a new kind of Salt, which at laſt grows reddiſh, is 
of a ſingular nature, though but little regarded or known amongſt the Chemiſts. 
When Nitre and Sal. Ammoniac, therefore, are thus mixed together with other 
Bodies in the Fire, a different kind of ſolution will happen every moment, and 
conſequently new effects will be continually produced, whilſt theſe thus remain 
in the Fire together. To theſe things the Operators very ſeldom ſufficiently at- 
tend, and hence it comes to paſs, that they frequently meet with Phenomena 


they were not aware of, which diſturb their Operations, and render the ſucceſs 


of their Experiments uncertain. In the ſeventh place, if to the Solvend you 
add one ounce of Sea-Salt, and two ounces of Spirit of Nitre, or Aqua Fortis, 
the Liquor that is expelPd with a moderate heat will be an Aqua Regia, and 
act only with the power that that does; whilſt the Salt that remains at the bottom 


will be Nitre. Hence, therefore, it appears, that in the latter part of the 


Operation, when it comes to be dry, it will act like true Nitre; whereas, 
at the beginning, the Liquor that was ſeparated had. the efficacy of Agua 
Regia; and it is likewiſe as evident, how various the effects may be in different 
Parts of the time that any given Menſtruum continues in action. In the ſame 
manner if upon one part of very pure Nitre, you pour two of Spiris of Sea- 


Salt, they will yield in diſtillation a pure Aqua Regia, perfectly ſo in every proper- 


ty and very ſtrong ; but if you then increaſe your Fire, and proceed to diſtill to 
a perfect dryneſs, you will find again at the bottom of the Retort a true Nitre 
in all reſpects. Hence, therefore, we ſee how cautious we ought to be, that we 
are not deceived in our Menſtruums. And again, if Spirit of Nitre, and a pro- 
per quantity of any Alcali are mixed together, with the ſolvend Bodies, they 
foon return into a Nitre, and therefore act like a Nitre in the laſt part of 
their Operation, And if what Glauber ſays is true, that Sea-Salt, a fixed Alcali, 
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and Quick-Lime, mixed together, and uſtulated till they are red hot, and then 

expoſed to the Air, and thence moiſten'd, will produce a true Nitre, then cer- 

tainly if theſe materials are made uſe of together in cements, they would have 

a very different effect from what one would at firſt imagine. Theſe things, 

then, if a perſon rightly conſiders, and at the ſame time adds what we have 

already ſaid of the converſion of Nitre into an Alcali, in our Hiſtory of alca- 

lious Menſtruums, and into an Acid, in our account of acid ones, he will ſuf- 

ficiently underſtand its efficacious and various diſſolving power. 8. 
Native Borax, the produce of the Eaſt-Indies, Perſia, and Tranſylvania, be- Borax u a 

ing diſſolved in Water, filtered, and chryſtallized, is of a bitter ſweetiſh taſte, um. 

and neither acid, nor alcalious. In diſtillation it yields a mere Water, and a 

Glaſs; which Glaſs may be afterwards diſſolved in Water. If it is mixed with 

Sand, and urged with the ſtrongeſt heat, it affords no acid Spirit. It ex- 

ceedingly promotes the fluxing of Metals, and by thus fuſing them, unites 

them thoroughly together, and by this means produces many effects which could 

not be accompliſhed in another way, without a great deal of difficulty. 
Whoever, now, is properly acquainted. with what we have delivered con- Compound, 

cerning ſaline Menſtruums, will readily conceive, how, by the various com- —_ 

binations of theſe Salts with one another, may be produced a vaſt number 

of new ſaline Menſtruums, every one of wich will preſently acquire new 

and different diſſolving vertues. This compoſition, now, is ſometimes effect- 
ed by art, and with deſign ; at others, it happens accidentally, and without 

being foreſeen, and ſo comes to be reduced among other chemical obſerva- 

tions. And from theſe two. fountains have there riſen a vaſt quantity of 

Menſtruums which have been deſcribed by the Chemiſts. Thus, for inſtance, 

if volatile Alcali's are united with fixed ones, then the volatile, by the action 

of the Fire, are always rendered ſtronger, harder, and more volatile; whilſt, 

on the other hand, the fixed attracting the Acid, perhaps, from the vola- 

tile, as likewiſe the Oil, and Earth, become always differently compounded, 

and have not the ſame efficacy they had before. Fixed Alcali's, mixed with 

native, vegetable Acids, produce a wonderful compound Salt, which is ſoft, 

- aperient, and diuretic : This we ſee in Omphacium, or Juice of Lemons, or the 

like, mixed with a proper proportion of Salt of Wormwood 3; for the Salt ariſing 

hence has very different ſolvent powers from what the Principles have from 

which it is made, or than any other Salts have. If you mix volatile Al- 

cali's with theſe Acids, you have then another compound Salt, as different as 

poſſible from the former with the fixed ones. If you rightly. combine fixed Al- 

cali's with pure, fermented, vegetable Acids, you procure, after many ſur- 

prizing Phenomena, a ſaturated Salt, which is volatile, ſoft, penetrating, ſa- 

ponacious, melts eaſily in the Fire, and poſſeſſes very extraordinary vertues. 

Here the Vinegar returns into its proper Matrix, Salt of Tartar, and im- 

pregnates it with its own peculiar Acid, which was acetoſe; for the Chemiſts 

call Vinegar fluid Tartar ; and hence they have given to this Salt the name 

of regenerated Tartar. Others have called the Mixture prepared in this 

manner (Acetum radicatum) radicated Vinegar as it appeared to return into its 

proper (Radix) Root. And having myſelf often experienced the beautiful 

effect of this Salt, both in the animal, vegetable, and foſſil Kingdom, I have 

been in doubt, whether this is not in reality the Sal Tartari Volatilis of Hel- 

mont, which the author ſo highly extoll'd for its vertues. Be this as it mw 
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this I can ſafely affirm, that in the whole claſs of Menſtruums there is ſcarce- 
ly one that deſerves examination, and application, better than this does, This 
I could make appear by an infinite number of examples; but let one ſuffice. 
That noble Gum, Myrrh, cannot, without a vaſt deal of difficulty, be ſo 


diſſolved by Alcali's, or Acids, as to be rendered ſubtil enough to penetrate into 


our Veins, if it is taken into the ſtomach; but if you digeſt it according to art 
with this Salt, it melts, and in an inimitable manner diſſolves into a thick, 
homogeneous, medicinal Maſs. This Salt, if it is made very accurately, will 
very intimately unite with Alcohol of Wine, and thus yield a Menſtruum, which 
no perſon will repent making, though it coſts him a great deal of pains. Hence, 


therefore, we ſee how much ſome of the more modern Chemiſts are in the wrong, 


who, making Alcali's and Acids the grand principles of Bodies, aſſert, that 


| theſe can't be mixed together with any propriety, nor without acting contrary 


to true chemical knowledge, intimating, that by this means the noble vertues of 
the Alcali's are deſtroyed by the Acid, and what remains 1s of no efficacy, as 
Zwelfer in his works ſo often inculcates. But theſe Gentlemen may know, 
that if the pureſt Alcali of Tartar is united, according to art, with the vola- 
tile Acid of Tartar converted into Vinegar by a double fermentation, then 
the Alcali, and its proper vertue, being deſtroyed, as well as the Acid of the 
Vinegar, and its proper vertue, there ariſes a new neutral Salt, the efficacy of 
which is much more excellent than that of either the Alcali, or the Acid. 
And when a pure volatile Alcali is accurately combin'd with a very pure, 


' ſtrong Spirit of Wine Vinegar, ſo that you nicely obtain the very point of 


ſaturation, you have then a limpid Liquor, very little Salt, without any re- 
markable acrimony or ſmell, conſiderably volatile, and compounded of the 
lighteſt Alcali and Acid. And this poſſeſſes a very peculiar, diſſolving pow- 
er, which in vain you will ſeek any where elſe; for it is capable of penetrat- 
ing into almoſt all kinds of Bodies, and reſolving them without any great 
apparent agitation, Hence the Phyſicians have valued this Water exceedingly 
for removing diſeaſes of the eyes and ears, ariſing from any preternatural con- 
cretions. And for the ſame reaſon, among all the ſecrets for diſcuſſing, and 
reſolving glandular tumours, nothing hardly is found more efficacious than fo- 
mentations with putrified Urine and Vinegar, if the part is-firſt well rubb'd, 


and they are then applied hot. From theſe obſervations, now, we may like- 


wiſe underſtand, what will be the conſequence of combining fixed or volatile 
Alcali's with fermenting Acids; for at firſt they will cauſe a ſudden efferveſ- 
cence, then put a ſtop to the fermentation that was begun, and produce 
Salts, very much reſembling thoſe that have been deſcribed. And the ſame 
kind of Salts are produced, likewiſe, by mixing Alcali's with thoſe Acids 
that are ſeparated from Vegetables, whilſt they are burning, or with thoſe that 


are drawn from them by diſtillation. | But if you combine fixed Alcali's with 


the native Acid of Foſſils, there then again ariſe new Salts, but thoſe vaſt- 
ly different too from one another. If, for inſtance, you diſſolve the pureſt 
Alum in clean Water, and heat it, and drop into it hot Oil of Tartar per 


Deliguium, *cill it is perfectly ſaturated, they will precipitate a chalky Calx, 


and the limpid Liquor ſwimming at top, and conſiſting of the native Acid of 
the Alum attracted into the Alcali, being defæcated, and filtfed, will yield a 
Salt like Tartarus Vitriolatus, but free from any ſuſpicion of a metalline taint, 
whoſe vertues are excellent in Chemiſtry as a Menſtruum, and are very effi- 
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cacious in medicine. In the ſame manner, if you take either the white, blue, 
or green Vitriol, and diſſolve it in four times its weight of Water, filter it, 
and drop into it hot, a fixed, hot Alcali, till you come to the point of ſa- 
turation, you will thus again have a compound Salt ariſing from the Alcali, 
attracting into it the Acid which had corroded the Copper, or Iron, in the 
Mines: So that here again you have a natural, vitriolated Tartar, which 
differs from the common, in this particular, that its Acid has not been ex- 
poſed to ſo ſtrong a Fire, and hence has more beautifully retained its natu- 
ral vertues: And beſides, it will more perfectly depoſit its metalline parts, 


except it be the true Calcanthum of Copper, for then, indeed, part of the Me- 


ral remaining in the ſolution, will diſcover itſelf in the Salt, by a -blue co- 
lour. But farther, whenever you intimately mix a fixed Alcali with any 
true Sulphur, then the foſſil Acid is attracted into the fixed Alcali, and if 
nothing elſe prevented it, there would be produced a Salt like the former : 
But we find, however, that it is in ſome meaſure of another nature, as ap- 
pears from the ſaline Spicula that are formed from it. And this ſeems to 
happen, becauſe the pinguious, oily Matter, which is mixed with the Sul- 
phur, unites itſelf with the fixed Alcali, as well as the acid does, and thus 
Prevents the pure ſaline parts concreting together, and by its interpoſition 
forms a decompound Salt, of a very different ſmell, taſte, and efficacy. From 
what has been ſaid, then, it appears what will be the conſequence of mixin 

Vitriolic, or Alum Waters, or their inſpiſſated, pinguious Reſiduums, by what 


name ſoever diſtinguiſhed, with theſe fixed Alcali's; for by this means the 


metalline and terreſtrial part, which theſe contained in them, - will be ſeparated, 
and the ſolvent Acid will unite with the Alcali into a vitriolated Tartar, whoſe diſ- 
ſolving Power will be ſingular, and different from that of all other Salts: This 
the application of it to Metals, Semi-metals, Sulphurs, and other foſſil Glebes 
generally evinces. And it commonly too retains its vertues longer without 


479 


alteration, than any other compound Salt; for it has its Acid more ſtrongly 


combined with a very fixed Alcali, into an exceeding fixed Salt: Nor is there 
any known Acid in Nature, which, if poured upon vitriolated Tartar, is able 
to diſlodge the Acid that is united with it, though the native Acid of Vi- 
trio] expels the Acids from all other compound Salts, as has already appear- 
ed. But on the other Hand, if with native, foſſil Acids you mix pure, vo- 
latile, alcaline Salts, there then ariſe particular kinds of Sal. Ammoniac; and as 
theſe are compounded of a foſſil Acid, and a volatile Alcali, perhaps, for 
diſtinction ſake, they may be, not improperly, called Semi: volatile, vitriolated 
Tartars. And theſe, likewiſe, deſerve to be well conſidered by the Chemiſts 
among their Menſtruums, on account of their remarkable diſſolving power; 
and by the Phyſicians for their noble efficacy in opening, attenuating, reſolv- 
ing, and ſtimulating. What then will be the effect of mixing common Sal- 
Ammoniac with Vitriols, and then expoſing them to the Fire? Why, the 
Acid of the Vitriol being attracted into the alcaline part of the Sal- Ammo- 
niac will expell thence the acid Spirit of the other part of the Sal- Ammoniac, 
render it volatile, and ſeparate it, and then from the conjunction of 
the Acid of the Vitriol, and the Alcali of the Sal-Ammoniac, there will be 
produced a ſemi-volatile, vitriolated Tartar, ſuch as was juſt now deſcribed, 

and the remainder will be a metalline Maſs, which exiſting * * 
| itriol, 
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. Vitriol, is now precipitated from it, and ſeparated in the Form of Fæces, or, 
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being again corroded by the Spirit of the Salt, produces a new kind of diſ- 


ſolved Metal. Hence, then, you have a true method of judging what will 


be the conſequence of combining fixed or volatile Alcali's, with all native, 
foſſil Acids, though theſe often lie very cloſely concealed in Metals, Earths, 


Oils, and other Salts; for the effect will be always the ſame, and for this 
reafon may be foretold. And, indeed, theſe Experiments are ſo certain, and 
.hence ſo entertaining, that they cannot be recommended too much ; eſpecially 
if we conſider at the ſame time, that they are of excellent ſervice both to 


Chemiſtry and Phyſic. 


But before we quit this doctrine of Menſtruums, it is neceſſary we ſhould 
take likewiſe into conſideration thoſe Menſtruums which are produced by 


the combination of fixed Alcali's with the foſſil Acid procured by Fire. A 


pure, fixed Alcali, therefore, when it is perfectly ſaturated with the Acid of 
Sea-Salt, Fountain Salt, or Sal-Gem, gives a regenerated Salt, which reſem- 
bles true Sea-Salt in almoſt every quality, If it is faturated with Spirit of 
Nitre; it forms a Salt that in almoſt every character reſembles Nitre. If it is 
properly united with the Acid of Alum, burning Sulphur, or Vitriol, it makes 
the Tartarus Vitriolatus before deſcribed. On the other Hand, when a 
pure volatile Alcali is in the ſame manner combin'd with Spirit of Sea-Salt, 
Sal-Gem, or Fountain Salt, there then ariſes the genuine common Sal- Ammoniac. 
Tf it is united with Spirit of Nitre, or Aqua Fortis, it produces a ſemi-volatile 
Nitre. If with the acid Spirit of Alum, burning Sulphur, or Vitriol, it gives 
a ſemi-volatile, vitriolated Tartar, the ſame which we above deſcribed. Theſe 
things then evidently inform the Chemiſt, how many, and what ſurprizing 
actions may be often excited in Menſtruums, purely from mixing and uniting 
certain Bodies together, and then expoſing them to the Fire, as a common 
moving cauſe; for it's incredible, what a prodigious alteration often ariſes 
from the accidental or deſigned addition, but of one ſingle Body. And yet with- 
out an accurate knowledge of all theſe things, the chemical Doctrine of Men- 
ſtruums will never be compleat. The Experiments I have made to inform my- 
ſelf in this matter have given me a great deal of Pleaſure, as it does now to 
communicate the ſucceſs of them to you. But there ſtill remain to be con- 
ſidered the actions of thoſe Menſtruums where pure ſimple Salts are united 
with others. But this, from what has been already laid down, is almoſt 
evident of itſelf, If a pure Alcali is united with Sea-Salt diſſolved in Water, 
the Brine grows turbid, an Earth is precipitated,. and the Salt then properly 
procured by chryſtallization, is a pure Sea-Salt. A fixed Alcali put into a 


Lixivium of Nitre, makes it turbid and whitiſh, precipitates an Earth, and 


produces the moſt pure Nitre we know of. The ſame mixed with the Brine 
of Sal-Ammoniac attracts its Acid, by this means ſets free its Alcali, expells it, 
and at the bottom! produces a pure, fixed Sea-Salt, the volatile Alcali being 


_ diſſipated into the Air. A pure, volatile Alcali put into a Brine of Sea-Salt, 


makes it turbid, depurates the Salt, and then flies off, If it is mixed with 
diſſolved Nitre, it does the ſame, and purifies the Nitre. If you put it into 
Sal- Ammoniac well diluted with Water, it effects the ſame depuration there 
likewiſe, but it does not at all alter the nature of the Sal- Ammoniac, which 
continues exactly of the ſame vertue it was before. Vegetable Acids mixed 


with 
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with Sea Salt, Nitre, and Sal- Ammoniac, make but little alteration in them. 
And the ſame Acids, fermented, or rendered purer by diſtillation, mixed with 
the ſame Salts, don't change them a great deal. What alterations are pro- 
duced in Menſtruums by the artificial mixture of foſſil Acids, with the Salts 
Juſt mentioned, I gave you before, when I treated of thoſe Acids and theſe 
native Salts. In a very few Words, therefore, I juſt repeat, that in Alum 
and Vitriol calcined to a dryneſs, there remains a good deal of a fixed Acid, 
which is exceeding ſtrong, and has this peculiar property, that when it is 
rendered active by the Fire, it will expell all other Acids from any Bodies 
that were diſſolved by thoſe Acids, provided thoſe Bodies are of ſuch a na- 
cure, that they may be diſſolved by this Acid of Alum, Vitriol, and Sul- 
phur ; and by this means it produces very particular effects, as a Solvent. 
Give me leave to illuſtrate this by an Example. Take Vitriol calcined 
to a dryneſs, rub it with Sea Salt, and put them together into a Retort, 
and with a Fire gradually increaſed to the greateſt degree, diſtill them, and 
there will rife a pure Spirit of Sea Salt: For the Acid of the Colcothar be- 


45r 


ing ſuperiour, expells the volatile Acid of the Sea Salt, takes poſſeſſion of the 


other fixed part of this Salt, and from theſe two concreted together, produces 
a kind of Sal Mirabilis Glauberi, but which, at the ſame time, contains the 
metalline Fæces that were in the Vitriol. But this, indeed, I explained to you 


before. Again, if you take Mercury, and rub it with calcined Vitriol, ' till 
1t 1s thoroughly divided, and then to this Mixture add decrepitated Sea Salt, 
and put this Compound into a Glaſs Cucurbit, and very gradually urge 


it with a ſand heat, then the Acid of the Vitriol converts the Acid of the 
Sea Salt into a Spirit, which being agitated and heated, diſſolves the Mercu- 


ry, as uſual, and then carries it up in form of a pure Mercurius Sublimatus; 
which is nothing elſe but the very pure Spirit of the Sea Salt, attracted into 


che Mercury, and united with it into a homogeneous, vitriolic, mercurial Maſs. 
But there are an infinite number of effects, and thoſe very ſurprizing ones too, 
that may be underſtood from theſe principles in the Hiſtory of Menſtruums. 


Hence, from Alum, or Vitriol, calcined, and mixed with Nitre, is diſtilled 
Aqua Fortis, in which there is nothing of the Acid of the Vitriol, but which, 


is pure Spirit of Nitre. If they are treated in the ſame manner with Sea Salt, 
you have a Spirit of Salt. If with Nitre and Sea Salt together, in diſtilla- 
Lion there ariſes an Aqua Regia. Hence, if Nitre and Colcothar are expoſed 
to an open Fire in a Crucible, the Acid of the Nitre is diſſipated, and there 
remains a kind of Nitrum Vitriolatum. And Sea Salt calcined in this manner, 
leaves a kind of Sal Mirabilis Glauberi, But it will be more entertaining to 
you, from the principles I have laid down, to carry theſe Experiments farther 
yourſelves, than if I ſhould lay them before you too particularly. I have but 
one thing more, therefore, to add, and that is, that by combining Salts with 
Salts in any manner whatſoever, there always ariſe new Salts, and new Men- 
ſtruums. By this means, therefore, the Chemical Science is continually advanced; 
and hence now, appearances perpetually offer themſelves to our obſervation, 
which are very agreeable, promote the kngwledge of natural Philoſophy, and 
often furniſh us with new and very uſeful diſcoveries. N 
But in the laſt place, there ariſe new Menſtruums, likewiſe, and thoſe of different 
vertues, from the combination of various Menſtruums with one another: And 
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here there is room for infinite application; as there is alſo in redueing of any 
fort of Menſtruum to its greateſt purity; and the attenuating any one into-the 
leaft Particles, which it is poſſible either for art or nature to reduce it to: For 
in theſe three particulars ſeem to have conſiſted the peculiar and excellent know- 
Jedge of the top Maſters of the Art. But it's impoſlible to deliver here what 
might be ſaid upon this Head: Let one Example ſuffice, I want, for in- 
ſtance, the pureſt, ſtrongeſt, and moſt ſubtil, vegetable Acid. Take, then, 
the beſt Verdegreaſe, which is Copper finely corroded by a fermenting, ex- 
haling Acid, and pour upon it twenty times as much of the ſtrongeſt Spirit of 
Vinegar that can be procured by diſtillation: Digeſt theſe, that the Verdegreaſe 
may be diſſolved into a very green Liquor, which depurate accurately by let- 
ting it ſtand quiet, and filtering it, and then with a gentle Fire inſpiſſate it till 
a pellicle is formed on the ſurface : Then let it be ſet by in a quiet place, and 
it will ſhoot into Chryſtals, like Emeralds, conſiſting of the Acid of the 
Vinegar, and the corroded ſubſtance of the Copper. Decant the Liquor, col- 
left the Copper Glebules, and inſpiſſate the Liquor again to a pellicle. Take 
out again the new-formed Chryſtals, and proceed in this manner, *till no more 


| Chryftals appear. If you then dry this Copper Mould, thus ſaturated with 
the Acid, very gently with a moderate warmth of the Air, and then very 


gradually urge it in a glaſs Retort, you will have an incorruptible, vege- 
table Acid, exceeding ſtrong, nor affected with any metalline taint from the 
Copper. If you attempt this with Lead, Tin, or Iron, it will never ſucceed : 
Copper only anſwers the end, by attracting the Acid, ſeparating it from its 
Water, and returning it back again, without any alteration ;- whereas the others 
attract it indeed, and ſeparate it, but never part with it again pure. As from 
malt Liquor, now, fermented Manna, Honey, Sugar, Cyder, and Perry, 
fuch Vinegar may be prepared, from theſe, likewiſe, by the help of Copper, 
may be procured ſuch a ſtrong Acid. Hence Zwelfer falſely imagined, that 


| he was in poſſeſſion of the famous Alcaheſt, for which he was ſharply handled: 


by the ſhrewd Tachenius, who ſtrenuouſly inſiſted upon it, that it was nothing 
but ſtrong Vinegar. But there are infinite numbers of Menſtruums that may 


be ſtill found out: And hence almoſt every Artiſt boaſts of ſome particular 


ſtruums, i 


Arcanum; nay, and indeed is able generally by the aſſiſtance of it, to do 


ſomething more than any body elſe can poſſibly do, who is not acquainted 


with it. But here, it's true, the uſefulneſs of the diſcovery is often not ſo 
much to be extoll'd, as the vanity of the poſſeſſor of the ſecret is to be blamed ; 
as no Dory who is expert in the art will ever be at a loſs to find out new Men- 

after that he has by his art prepared Bodies, he will but apply: 


them to others. And hence, perhaps, the Solvents proper to every kind. 


of Body, and therefore to the human Calculus, might by this time have been 
diſcovered, if the Chemiſts had but applied all their Liquors to this Stone, 
as there are often effects produced in this manner, which could not poſſibly be 
foreſeen : Thus, if a perſon was acquainted with all Menſtruums whatever but 
Spirit of Bread, the efficacy of that in diffolving many Bodies would appear 
to him quite incredible. But by mixing one Menſtruum with another, there 
often ariſe new ones, and thoſe too very beautiful. Thus, for inſtance, Tar- 
tarus regeneraius, if it is rightly prepared, may be intimately united with the 


pureſt Alcohol of Wine; and then you. have a vegetable Menſtruum * 


* 
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of a vegetable Alcali, Acid, and Sulphur, exceeding ſubtil, and very cloſely 
combined together; and hence it is of mighty efficacy, made uſe of either as 
a Menſtruum, or a Medicine, Again, if the pureſt, moſt ſaturated, alcaline 
Spirit is united with the pureſt Alcohol, it becomes the Ofa Helmontiana, 
and makes a noble Menſtruum. This very nicely diſſolves diſtilled, vegetable 
Oils, and hence ariſes a Menſtruum conſiſting of a genuine Sulphur and Al- 
cali, concerning which one may doubt, whether there is any thing more ex- 

cellent, either in Medicine or Chemiſtry. In the ſame manner, if the beſt 
Spirit of Nitre is perfectly ſaturated with an alcaline Spirit of Sal-Ammoniac, 
we obtain an almoſt volatile Salt of Nitre ; and hence may be prepared that 
ſo much wiſhed for volatile Nitre, which whether or no it anſwers the great 
Expectations formed of it, may then be eaſily tried by Experiments. In the 
_ cultivating and improving of theſe ſtudies ſome Chemiſts have employed an 
Age, and have thought the pleaſures that aroſe upon their new diſcoveries a 
ſufficient recompenſe for all their labour. And let me adviſe you, Gentlemen, 
to apply yourſelves to theſe inquiries, noting down whatever new you meet 
with, . thus, from a ſufficient number of Obſervations collected together, 
you may, at laſt, with caution, be able to draw ſome Rules that ſhall be of a 
more general nature, 71 | eo ⁊55 
The doctrine of Menſtruums, then, being thus diſpatched, let us proceed coroliaries. 
to deduce ſome Corollaries from what has been delivered. Firſt, then, it is 
not yet certain, whether any Menſtruum has ſuch an innate power, that it is 
able to act upon its ſolvend object without the leaſt aſſiſtance of Fire. Nor, in- 
deed, is it poſſible to make any Experiment that ſhall be able to determine this, 
as In every place there is Fire, and that a pretty deal too, from which it cannot 
poſſibly be freed. Nay, in fact, almoſt all the Menſtruums that we are at preſent 
acquainted with, if they are quickned with a certain degree of Heat, perform 
their Solution ſo much the better. 2. Menſtruums ſcarcely become efficacious, 
till they are reduced to a fluid form, or one very near it. And this, Fire, 
Air, Water, and Attrition, in particular, bring about; which four cauſes like- 
wiſe generally excite Menſtruums into action, though before they lay quiet. 3. 
Some Menſtruums ſeem to have a power implanted in them, by the efficacy of 
which they produce a motion, depending only upon the nearneſs of the Bo- 
dies to which this motion relates. If a very good Loadſtone, ſuſpended by a 
Thread and at reſt with reſpect to its poles and thoſe of the World, ſhould 
be abſolutely without motion, one would be led to think, that it had no active 
power: But if inthe very greateſt degree of cold, a piece of Iron, or another 
Loadftone ſhould be brought within the ſphere of its activity, there would im- 
mediately be generated a motion in them both, which would laſt till they 
came into contact, and then being joined together, they would both be at 
reſt. This power, therefore, ſpontaneouſly, and without the aſſiſtance of any 
ſenſible Fire, generates motion, not ſeeming to be excited by motion, 
itſelf. In the ſame manner, the beſt Spirit of Nitre, though it's kept cloſe 
ſtopp'd up, will for years continue to emit a red Fume, which hanging over 
the ſurface, keeps in continual motion, and riſes out of the mouth of the 
Veſſel as ſoon as ever you take out the Stopper. The ſame thing is true, like- 
wiſe, in an alcaline Spirit of Sal- Ammoniac, which, as far as I have been able 
to obſerve, is never at reſt, And as for that Spirit which is diſtilled from Sal- 
Qqqe2 Ammoniac, 
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Ammoniac, with Quick-Lime, that is ſtill much more agile. Such Bodies, 


therefore, both excite and preſerve motion in a wonderful manner. That 


ſuch Vapours, now, may be perpetually floating about in the ſubterraneous 
parts of the Earth, *till they light on ſome certain Bodies, in which being 
afterwards fixed, and united, they form variety of compound Bodies there, 


who willdeny ? In all theſe cafes, however, this muſt be conſidered, that even 


in the greateſt degree of Cold, the Air is in a conſtant oſcillatory motion, 
which 1s often the cauſe by which thoſe motions are likewiſe excited. By 
this motion, now, proper to Menſtruums, and ariſing from them, ſolutions are 


often brought about immediately, which could not be effected by the great- 


eſt degree of motion excited by any other cauſe. If you have a mind to 
ſee an inſtance of this, take only a piece of Engliſb Chalk; let it be calcin'd 


in the intenſeſt Fire, nay, even T/{chernhauſen's Focus, and it will ſcarcely be 


altered in this vaſt motion; expoſe it to the hotteſt, coldeſt, calmeſt, or 
moſt ſtormy Air, and it will remain juſt the ſame; keep it ever ſo long in 
boiling Water, it will not be diſſolved; boil it in a lixivium of Salt of 
Tartar, and it will ſtil] be chalk : And yet put it only into cold Vinegar, 


and it will diſſolve and diſappear. Hence, therefore, it is evident, what a 


prodigious difference there is between that motion which is excited by the 
reciprocal action of the Menſtruum, and Solvend, and that which is produced 
by Fire, Air, Water, and Impulſe. 4. That which we call acrimony, there- 
fore, in a Menſtruum, becauſe it corrodes our Body, and gives us pain, does 


not render ſuch a Menſtruum fit to diſſolve other Bodies: This we ſee evi- 
dently in Oil of Vitriol, Spirit of Nitre, Spirit of Salt, and Aqua Regia, which 


though they inſtantly conſume any part of us, are not capable of diſſolving 
Wax, and Sulphur, which are ſo eaſily diſſolved by our Humours. 5. Many 
Menſtruums cannot naturally diſſolve certain Bodies; and yet if theſe Bodies 
are firſt diſſolved in ſome other Menſtruum, they will then be diſpoſed to be 
diſſolved in thoſe very Menſtruums, which before they abſolutely reſiſted. 
Boil, for inſtance, common Sulphur in Alcohol, as long as you pleaſe, and it 


will no more diſſolve in it, than a Stone will in Water; but melt this Sulphur 


with Salt of Tartar, and it becomes a rediſh brown Maſs, and then pour - 
Water upon this, even in the cold, and the Sulphur will be very readily 


and intimately diſſolved: Boil Powder of Antimony in Alcohol, and it has no 
effect upon it; but boil the ſame in an alcaline Salt diſſolved per Deliquium, till it 


becomes a dry Maſs, and then pour Alcohol upon it, and you will ſoon have 


a golden Tincture.. And, indeed, ſuch a well-managed, ſucceſſive applica- 
tion of different Menſtruums to Bodies, the greateſt Maſters in the Art have 
laid ſo much ſtreſs upon, that Boyle, Homberg, and Tachenius have told vs, that 
even Metals themſelves may by this means be intimately reſolved into their two 


_ conſtituent Principles, a fixing Sulphur, and a regenerated Mercury. For they 


aſſert, that if Silver is diſſolved in Spirit of Nitre, and then digeſted for a 
long time in a pure, fixed Alcali, and afterwards ſublimed a good many times 


with Sal- Ammoniac, it will at laſt yield a fluid Mercury; and at the ſame time 


they call theſe, reſuſcitating Salts. Thus Acids procure an entrance for fixed 
Alcali's into the inmoſt parts of Metals; and then the fixed Alcali's aſſiſt the 


volatile, alcaline Salts to penetrate them, which otherwiſe they had not been 


able to effect. This is what theſe Gentlemen aſſure us, If you aſk me whether 
33 2 33 n I believe 
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I believe that Metals may thus, by the aſſiſtance of Salts, be reduced to 
Mercury? I can't tell what to ſay to it. For my own part, I frankly con- 
feſs, I have taken a great deal of pains upon this head, but have never yet 
been able to effect any ſuch thing: Conſcious, however, of my own inferiour 
abilities, I would by no means go about to detract from the capacity or cre- 
dit of others. 6. Some Menſtruums diſſolve certain Bodies, which before the 
Experiment was made, ſeem'd the leaſt in the World fitted for ſuch a ſo- 
lution, whether you regard either the Menſtruums, or the ſolvend Bodies. Thus, 
for inſtance, the tenacious, viſcid, native Turpentine becomes ſo penetrating in 
the human Body, that in a very ſhort time it gives a violet ſmell to the Urine, 
changes its colour, and heats the whole Body; if it is mixed with Oils, it 
diſſolves them; as it does perfectly Reſins in a ſmall degree of Heat, tho? 
they diſſolve with ſo much difficulty: And it has the ſame effect, likewiſe, 
upon Gum-Reſins, which can ſcarcely be diſſolved by any other method; as 
Gum-Copal, and others. But what muſt we think, again, of the Tolk of 
an Egg; If one may be allowed to ſpeak by analogy, it is the Placenta 
of the Chicken, an organical Machine, whoſe infinitely ſubtil ſtructure eludes the 
moſt acute, microſcopical obſervation, and the moſt curious anatomical inqui- 
ry. Is it not a viſcid, tenacious, unactive Subſtance, without Smell, taſte, 
or any the leaſt degree of Acrimony? And yet if this is rubbed in a gen- 
tle Heat, according to art, with any gummy, oily, reſinous, or balſamic Sub- 
ſtances whatever, it does more than can be effected by any other Menſtruum 
for it deſtroys their viſcidity, and renders them diſſoluble in Water, and Spi- 
rits, and very eaſily miſcible with the animal juices. Here then we muſt al- 
low, that Nature furniſhes us with a Menſtruum, that can ſcarcely be equall'd 
by any production of the profoundeſt Art. The very bitter, yellow Bile too 
of any found Animal, Fithes in particular, that have no Lungs, and are vo- 
racious, have almoſt the ſame effect upon balſamic, gummy, reſinous, tena- 
cious, teribinthenaceous, viſcid Subſtances, which they happily diſſolve by be- 
ing gently mixed with them. Manna, Honey, and Sugar, with warmch and 
rubbing do the ſame. I might here take notice, likewiſe, of the White of 
an Egg: When this is hardened by boiling, well ſeparated from the Yolk, and 
diſtilled in a Balneo Marie, it yields a clear Water, that has no conſiderable | 
Smell, or Taſte, is neither ſaline, acid, or alcalious, and yet whoſe efficacy 
is ſo great and peculiar upon Metals, that both Paracel/us and Yau Helmont 
agreed, that this alone was proper for the preparation of their medicated Mer- 
cury, of ſuch excellent vertues. And if you take the hard White of an Egg, 
put it in a clean Veſſel, and in a Cellar expoſe it to the Air, you will have 
from it a very inſipid Liquor, which, if it was offered one, one would take to 
be pure Water; and yet this Water will penetrate Myrrh, which is ſo hard 
to be diſſolved, in ſuch a manner, that it will be better reſolved by this, than 
by any other Menſtruum whatſoever. To perſons, now, not acquainted with 
theſe things, there is nothing ſeems more ſurprizing, than that Bodies ſhould 
be diſſolved by the very ſofteſt Menſftruums, which are affected by ſcarcely any 
other. 7. I aſſert, therefore, that neither acidity, a lixivious acrimony, Or ſa- 
line diſpoſition appearing phyſically to be preſent in any Menſtruums, does 
ever demonſtrate, a priori, that ſuch a Menſtruum will diſſolve any given 
Body; but this certainty muſt always depend upon ſome Experiment, by * 
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it has appeared that this Solution will happen, if this Menſtruum and that Body 
are mixed together. For if ſimple Sulphur is put into any known Acid what- 
ever, from the mildeſt to the ſtrongeſt, even tho' it is aſſiſted by Fire, the 
Sulphur will remain unaltered as Sand in Water. So Spirit of Nitre, howſo- 
ever it acts upon other Metals, has no effect upon Gold. It is idle, there- 
fore, to ſay in general, that Acids diſſolve Metals; for this or that Acid only, 
diflolve ſuch and ſuch particular Metals. If a Perſon, after he had in many 
inſtances experienced the corroding quality of the ſtrongeſt cauſtic Alcali, 
ſhould hence begin to believe that this power would extend itſelf to all other 
Bodies; how much would he be deceived, when he ſaw plainly that Mercury, 
Gold, and Silver, ſuffered nothing from this Solvent. And the fame thing we 
| obſerve holds good in Salts: For if Silver is boiled with Salt of Tartar it grows 
white, tho? it does not do ſo at all if it is boiled with Sea- ſalt. We muſt not there- 
fore, pretend to ſay, that Alcali's, Acids, or faline Bodies, are ſolvents in general, 
but only in a limited ſenſe, with reſpect to their particular objects: If we of- 
fer to proceed any farther, the nature of the thing is againſt us. 8. On the 
other hand, a prudent Chemiſt would not preſently conclude, from ſeeing any 
Body diſſolved, that the cauſe of this Solution, was an acid, alcalious, or ſaline 

Body, if there were not ſome other circumſtances, that might more certain] 
determine it. And yet this error, the modern Chemiſts have often fallen into, 
who, being too prone to run into generals, have from any obſerved Solution 
| preſently imagined, that they knew the Solvent. But ſuppoſe, now, that in a 
given caſe, a Perſon was ſure that Gold was there diſſolved into its ſmalleſt Par- 
ticles, and at the ſame time knew perfectly well that Gold is not diſſoluble by 

any known Salt except Sea-ſalt, and what is produced from it: Yet even here, 
one cou'd not certainly conclude, that becauſe Gold was here diſſolved, there- 
fore Sea-ſalt was the Solvent; for if the pureſt Mercury is rubbed upon the 
cleaneſt Gold, it will penetrate, corrupt, and diſſolve it. In all nature, now, 
we don't know any Body, that is leſs acid, alcalious, or ſaline than Mercury; 
no Body in which there is leſs Acrimony than in this, as it gives no pain, tho? it 
is applied to the Eye, or the bare Nerves: And yet this we ſee diſſolves Gold, 
which Sea-ſalt excepted, reſiſts every acid, alcalious, ſaline, acrid Body that we 
are acquainted with. 9g. But I aſſert farther, which is ſtill a greater paradox, 
that all that phyſical Power, which we generally call corroſion, or corroding 
Acrimony, is, abſolutely conſidered, nothing at all, but relative only between 
particular corrodents and corrodends, and not between every corrodent and all 
other Bodies : Hence, if a Perſon, after he had, in an infinite number of in- 
ſtances, experienced the corroſive Acrimony of Aqua Fortis upon Animals, Ve- 
getables, and Foſſils, ſhou'd thence haſtily conclude, that therefore this very 
corroſive Liquid wou'd much eaſier corrode any Bodies that were ſofter, he 
wou'd ſoon find himſelf miſtaken by putting into it the ſofteſt Wax, or the 
brittleſt Sulphur. 10. Nor, on the contrary, will it at all follow, that becauſe 
any particular Body is very ſoft, with regard to our ſenſes, nor corrodes and re- 
ſolves the Animal Fibres, it has not, therefore, a diſſolving Power: For a Per- 
ſon, without any inconvenience, might take a conſiderable quantity of ſweet 
Oil of Olives; and yer Sulphur, which reſiſts every corroding Acid, may ſoon 
be entirely diſſolved in it; as may Wax likewiſe, which corroſive Acids do not 
affect. Even melted Wax, which is fo ſoft and unactive, is ſaid to extract a 
£ | Colour 
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Colour from Coral, gently indeed, but very efficaciouſly; and yet the ſame 
Coral would bear the extreme violence of the Fire for a long time, without 
being altered; nor be affected by any Alcali's. This no-body could eaſily 
have believed a priori, but muſt firſt be convinced of the truth of it by particu- 
lar Experiments. Thoſe Bodies, therefore, which appear to us to be exceed- 
ing hard, and are found to be ſo in the Fire, do not hence, in order to their 
Solution, require Solvents which have given any proofs of their being very acrid. 
And hence, upon theſe principles, it won't ſeem impoſſible to be found out in 
Art or Nature, a Solvent that ſhall be ſuited to any given Body ſcarcely diſ- 
ſoluble by any thing elſe, which Menſtruum at the ſame time ſhall not be able to 
corrode other Bodies, that are much weaker and ſofter. And the only way here, 
if one would do any good, is ſucceſſively to apply all the Menſtruums we know 
of, to the Body whoſe Solvent we want to diſcover: For very often that which 
ſeems moſt unfit for the purpoſe, anſwers it better than any other whatſoever. 
Conſider, for inſtance, the Stone in the Bladder, and Cancers. Theſe we have 
not hitherto been able to cure; but yet we ought by no means to deſpair of 
finding out a Remedy, which may be able to diſſolve the Stone without hurt- 
ing the Bladder, which from what has been ſaid, we ſee wou'd not neceſſarily 
follow. Spirit of Rye-bread, has a wonderful power of diſſolving almoſt any 
Stones, and yet does not by any corroſive quality hurt the human Body, The 
Water drawn from the hard Whites of Eggs, may be dropp'd into the Eye 
without any pain 3 and yet with regard to many things, has a diſſolving ver- 
tue. 11. Moſt Menſtruums, at the very ſame time that they diſſolve, and change 
their objects, are perfectly likewiſe changed by them, ſo that the action be- 


tween them is reciprocal. This appears to be true in almoſt all Menſtruums. - 


Water, Alcohol, and Mercury, indeed, are leſs altered than others, but thoſe 
likewiſe are changed by degrees. For tho” the Alchemiſts ſay that the pureſt 
Mercury never ſuffers any alteration ; yet this by the admixture of other Bo- 
dies is altered by concretion : And as that itſelf is often rendered impure by 
other Bodies, it muſt then be in ſome meaſure altered by them; even when by 
tranſmutation it is converted into Metals. 12. It is a very great miſtake to 
imagine, that all Menſtruums will conſtantly perform their Solutions ſo much the 


more efficaciouſly, as they are more depurated, and reduced to their greateſt 


degree of ſtrength ; for very often their vertue decreaſes in proportion to their 
ſtrength and ſimplicity. If you want, for inſtance, a Vitriol of Lead, and for 
this purpoſe diſſolve it in Aqua Fortis, you will always find the Solution more 
difficult in very ſtrong Spirit of Nitre, than if it is diluted with a ſufficient 
quantity of Water. The ſame is true in Iron, which diſſolves in Oil of Vitriol 
mixed with four times its weight of Water, whereas if it is thrown into the pureſt 
Oil of Vitriol, the Maſs in an inſtant becomes almoſt immoveable. Hence 
the pureſt Alcohol coagulates a great many things which common Spirit of 
Wine dilutes and diſſolves : This appears evident in human Blood, which is 
coagulated by the former, but diluted by the latter. Hence the greateſt fim- 
plicity of a Menſtruum, or its utmoſt perfection in its kind, does not always in- 
creaſe its diſſolving power upon particular Bodies. But on the other hand, 1t 
is true likewiſe, that if the ſame Menſtruum is applied to other Bodies, it. often. 
requires the exacteſt purity to be able to act upon them as a Solvent. lt. we 
want, for inſtance, to diſſolve diſtilled Oils accurately in Spirit of. Wine, 4 
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muſt firſt be reduced to the pureſt Alcohol, or it will have no effect at all. In 


the ſame manner, if you wou'd diſſolve Amber in Spirit of Wine, you muſt 


make uſe of the moſt reftify*d Alcohol poſſible. So that here again we can't 


pretend to pronounce abſolutely of Menſtruums, whether they are required pure, 


or diluted, to induce ſuch and ſuch changes upon Bodies, unleſs it has been 
firſt preciſely determined by Experiment. 13. But in this Doctrine of Men- 
ſtruums, there is nothing more remarkable, than that in Solutions performed by 
them upon their object, there often ariſes a new power in Nature, which nei- 


ther exiſted in the Menſtruum, or Solvend, before the Solution, but depends 


intirely upon this union of them together. A Child, for inſtance, may without 
any inconvenience, take 3 grains of Crude Mercury, and ſo it may 7 or 8 
grains of Spirit of Sea-ſalt; and yet when from theſe prepared together, you 


have 4 grains of Mercurius ſublimatus corroſivus, if the Child ſhould take this, 


it would prove a moſt violent Poiſon. So one may ſafely give a Child 30 
grains of Crude Antimony powdered, and as many of Nitre properly diluted 
but if theſe are reduced to a Powder, mixed together, and then ſet on fire, you 
have in an inſtant a Crocus Metallorum, of which no-body wou'd give a Child 
6 grains, that did not deſign to deſtroy it. I wiſh, therefore, the Chemiſts 
wou'd hence be cautioned for the future, not to believe that the productions 
of their Solutions are always good Medicines, or at leaft not hurtful to the hu- 
man Body, becauſe the Simples which produced the Compound had medicinal 
vertues, or elſe were innocent. Certainly, the greateſt miſcarriages that have 
happened in the Art, and have often brought it under ſuch diſgrace, haveriſen 
from this precipitancy of the Artiſts. And, indeed, nothing has ever more 
ſurprized me, than to ſee the unlimited liberty that both the Chemiſts and 
Phyſicians have taken in determining the medicinal vertues of every Body 
which they have by their Art prepared. Examine Baſil Valentine only, in his 
Currus Triumpbalis Antimonii, and you will ſee a flagrant inſtance of it. For 
my own part, I haveoften thought with myſelf, that a Carpenter, Maſon, or any 
other handicraft, might as well cry up every thing in their way, as theſe Per- 
ſons do in theirs. But you, Gentlemen, who will make truth, and the good of 
mankind your ſtudy, will always remember, that this itch of commending 
every thing muſt be prudently reſtrained z and that if you ſhou'd meet with 
any new thing that you have a mind to make trial of, it is proper to begin 
with a very gentle doſe, and proceed gradually, carefully attending to every 
effect it produces: And if it is made uſe of with this caution, the Doctrine of 


Menſtruums will open a way to the underſtanding the moſt excellent things that 


belong to the Art. For if you examine the Claſſes we have deſcribed, and 
the Objects that properly belong to every one of them, and conſider carefully 
the true marks aſſigned, you may then at length make uſe of this Doctrine in 


ſuch a manner, as to be able, as much as poſſible, to determine à priori, what 


will happen upon the application of one Body to another: But here, however, 
you will continually meet with new appearances which you were not acquainted 


with before. As far as I have been able to let you into the Knowledge of 


theſe things, I have done it with pleaſure, and muſt now paſs on to ſomething 
elſe, viz. the conſideration of 


Ne 
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The univerſal Menſtruum or Alcabeſt. 


Whoever, therefore, carefully conſiders what has been hitherto delivered, 
will eaſily believe, that all chemical ſolutions of Bodies, except a few pure- 
ly mechanical ones, are the effect only of attraction, and repulſion, be- 
tween the Particles of the Menſtruum and thoſe of the Body diſſolved ; hence, 
therefore, that all the action here depends upon the relation betwixt theſe 
two; and of conſequence, that according to the known rules of art there 
cannot be aſſigned any Body, either natural, or artificial, which, without 
any diſtinction, would diſſolve all Bodies whatſoever : Nay, and farther, 
that it is impoſſible to deliver any phyſical method, by which the reſolu- 
tion of all Bodies promiſcuouſly may be obtained. Nevertheleſs, after Van 
Helmont the Father had publiſhed his Writings, there was a report went 
about in the Chemical World, of a ſecret, univerſal Menſtruum, which Para- 
celſus was ſaid to have poſſeſſed, and which he, according to his manner of 
writing, called the Alcaheſt. If any ſuch thing, now, as Helmont ſolemnly 
ſwears, was ever known to any mortal, it certainly ought to be looked up- 
on as the moſt excellent favour, that the Divine Being ever indulged Man- 
kind with, either in the Chemical, or any other Arr. This, withour diſpute, 
would be vaſtly more valuable than any Philoſopher's Stone, and much more 
to be wiſhed for, as by the help of it might eaſily be obtained the moſt 
certain means both of Health and Riches. This, with a great deal of rea- 
ſon, was the opinion of Mr. Boyle, who yet, after an infinite deal of Pains, and 
with all the {kill that he by this means acquired, was never able to come at the 
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diſcovery of it, nay, upon the beſt foundation, ſcarcely believed, that there 


ever, in reality, was any ſuch thing. Deſigning Men, however, have made 
a handle of it to fatisfy their avarice, by impoſing upon ſuch perſons as 
they found fond of ſuch kind of Arcana: Prudent Men have always remained 
in ſuſpence, not daring abſolutely to pronounce any thing in it. For theſe 
reaſons, therefore, I was willing to give you an hiſtorical account of this Af- 
fair, juſt as it is, that is to ſay, as it may be collected from the Writings of thoſe 
Authors who alone have wrote of this Menſtruum; that thus at leaſt we may 
know the opinion of thoſe Perſons, who tell us, they have poſſeſſed, and 
made uſe of this Arcanum. Every thing, however, that has been ſaid upon 
this head, by other People, has been borrowed from Helmont alone; for from 
what Paracelſus himſelf wrote of the Alcabeſt, no mortal would ever have 
thought of any ſuch thing, had not Helmont given the hint, that ſuch great 


myſteries were couched under this uncommon Word. As for my part, I 


confeſs freely, I am not maſter of this ſecret of the Fire; and therefore I 
can do no more than by carefully examining, and faithfully comparing 
one thing with another, lay before you what is to be found in theſe Au- 
thors. And if theſe perſons were really acquainted with any ſuch thing, and 
were willing that one who: ſtudied their Writings attentively ſhould find it 
out; I know no better way of coming at it than what I have propoſed. By this 
means a perſon who is diſpoſed ro ſetabout this grand work, may know what Matter 
he muſt make uſe of, by what Inſtruments he muſt operate, and in what method 
he muſt proceed; that ſo he may not loſe both his labour and his money. 
And it will farther, too, have this great advantage, that it will ſecure us 
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from being impoſed upon by the tricks of Impoſtures, whoſe boldneſs and 
knavery make them formidable, but who don't know themſelves what they 
pretend to; for theſe Fellows may be eaſily detected by any perſon who is 
acquainted with the doctrine of Paracel/us, and Van Helmont. This I myſelf 
have ſometimes found excellent uſe in, when I have happened to have to do 
with _ vain pretenders. Let us, therefore, with a great deal of caution, 
roceed. ie 5 

: And in the firſt place, let us conſider the name, which is Acabeſt. This 
word, before Paracelſus, no body ever made uſe of, no not even among tho 
Chemiſts. And even he himſelf, as far as I have been able to diſcover, never 
uſed it, but in one paſſage, which you have in his Treatiſe de Viribus Mem- 
brorum, Lib. II. C. 6. where there are theſe words. And ihe Liquor of the 
Alcabeſt is exceeding efficacious in the Liver, to comfort and ſtrengtben it, and 
0 preſerve it from a Dropſy, and all the Diſeaſes that have their riſe in it. And 
#ts proceſs is, to be reſolved after Coagulation, and coagulated into a iranſmuted 

form. This appears in its proceſs of Coagulation and Reſolution. And then if it 
overcomes (lui fimile) that which is like it, it is a Medicine for the Liver above 
all Medicines. Nay, though it were conſumed, it would ſypply the place of an 
intire Liver, as though it were not conſumed. All you, therefore, that make 
Phyfic your Study, ought to know how to prepare the Alcabeſt, in order to remove 


a great many Diſeaſes that have their ſeat in the Liver. So that Paracelſus ne- 


Secondly, its 
Etymology. 


ver made uſe of this word but twice, and that only in this place; nor is there 
the leaſt Mention of any ſuch thing, either before or after, as I informed my- 
ſelf by a careful examination of all his works. No mortal, therefore, from: 


what he ſaid upon this head, would ever have thought of this grand ſecret, 


had not Helmont afterwards added his interpretation. 

The derivation, therefore, of this new word, thus coined by Paracelſus, was 
examined into. And upon conſidering, that it was uſual with him to con- 
ceal common words by the tranſpoſition of their letters, it was imagined that 
was the caſe here ; though ſometimes too he formed ſtrange words by join- 
ing the beginnings of different words together. Thus when he would have 
you make uſe of (Tartarus) Tartar to reſolve the Saburra in the Spleen, he ſays, 
take Sutratar. L. II. de Vir. Membr. C. 7. And again when for diſeaſes pro- 
per to the Kidneys he preſcribes Saffron, which from its golden Colour the 


Chemiſts called Aroma Philoſophorum, he ſays, theſe Diſtempers are cured 


by Aroph L. I. de Viribus Membr. C. 10. Hence, therefore, ſome perſons have 
thought, that Alcabeſt ſignified alcali eſt. Rolfinc, Eph. Germ. D. 12. Ann. VI. 
VII. p. 193; Rulandus in his Lexicon; and hence ſuppoſed that it has al- 


ways an Alcali for its baſis, which is then ſaturated with a proper Acid. 


Others have been of opinion, that it was called ſo guaſi Staltzgeiſt becauſe 
if the Acabeſt is the ſame with the Circulatum, they imagined it was made 
from Sea Salt, coagulated, reſolved, and coagulated into a tranſmuted form. 
But again, others ſuſpected, that it was called Alcabeſt, quaſi Ageiſt, or a per- 
fectly pure ſimple Spirit : This they thought its proceſs of coagulation, reſo- 
lution, and coagulation, ſeem'd to teach us. And laſtly, there is Faber's opi- 
nion, who ſays, it is a pure, mercurial, metalline Spirit, which is ſo united 
with its own proper Body, that hence two become one Body, that is inſepa- 
rable, and indeſtructible. Zph, Germ. D. 11. Ann. 8. App. III. This, then, 
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being all we can learn from the etymology, let us paſs on to the ſynonomous. 
terms, and ſee if by comparing them together we can get any farther light 
into it. Paracelſus himſelf has left us no ſynonomous name, but Helmont 


has a great; many, and therefore theſe we will now examine. And in ſhorc 
we have no other aſſiſtance beſides the authority. of Van Helmont alone, 
who declares that the very ſame bottle was given likewiſe to him. | 


In the firſt place, then, he calls it ſimply, Vater; telling us, p. 88. $ 27, Thirdly, the 
that he knew a Water which he muſt not diſcover, by the mediation of . 


which all Vegetables might be tranſmuted into a diftillable Liquor, with- 
out the leaſt Fæces remaining at the bottom of the Veſſel: And in the ſame 
place & 29. he fays he mixed together a certain Water, and Coals made 
from .Oak, in an equal quantity, and digeſted them with a bath heat in a 
Glaſs hermetically ſealed. And there he calls the ſame a thick Water, whilſt 
he writes § 28, that in the ſecond Book only of the Maccabees, Chapter the 
firſt, there is mention made of a thick Water, which was a perpetual Fire, and 
perhaps not unlike his Water. And in another place he calls it a folvent Wa- 


ter, as p. 628, where he ſays, the Liquor Alcabeſt is an immutable, ſolvent 


Water. But he came ſtill nearer the matter, when with one word he called 
it (Ignis- Aqua) Fire-Water, for whilſt p. 337. § 3. he is giving an allegori- 
cal account how he came by his knowledge, he pretends he received a bottle 


in which there was Jgnis-Aqua, of one word only, a name perfectly fimple, 


ſingular, indeclinable, inſeparable, and immortal. And again he calls it a 
Latex reduced to its leaſt Atoms poſſible in nature. p. 94. $ 28. Bur he 


very frequently calls it a Liguor, p. 85. § 6. By the addition of the Liquor 
 Alcaheſt of Paracelſus, he aſſerts, that all Bodies may be converted into Wa- 
ter, p. 119. $89, And that by the infernal Fire, which is the Liquor Al. 


cabeſt of Paracelſus, may be known how much any Vegetable contains of either 
Luminary. p. 265. F 11. p. 384. F: 43. p. 419, 628, 700. Y 23, 700, F$ 2. 
p. 706. F ro. 714. $27. 776. 11. 60, And he calls it, likewiſe, the l- 
vent Liquor p. 88. & 29. All theſe things, therefore, ſeem to intimate, that 


this Arcanum was of a moiſt, liquid form, like a kind of a Water. In ano- 


ther place, as a ſynor.omous term, he makes uſe of the Fire of Hell; for he 
ſays exprefly, & 28. p. 119. by the Fire of Hell, which is the Liquor Alcabeſt 
of Paracelſus. And again, p. 45, 13. Original Sand reſiſts both Art and 
Nature, nor can by any means be made to recede from its conſtancy, ex- 
cept by an artificial, infernal Fire alone, in which artificial Fire Sand 
becomes Salt. If Helmant, therefore, in this appellation has followed Para- 
celſus, by this we may know what the Alcabeſt was, becauſe Paracelſus himſelf 
has wrote of this i7fernal Fire: But of this by and by, when we come to 
ſpeak of the Alcabeſt itfelt. Afterwards, Helmont ſays, this is a moſt happy 
and perfect Salt, which has arrived to the utmoſt degree of purity and fub- 
tlety that Nature is capable of. $ 24. p. 384. And for this reaſon, he ſeems 


to call ir, the Ens primum Salium, p. 419; the Sal Circulatus, and the Sal 


Circulatus Paracelſi, § 11. p. 43. Y 49. p. 3743 the Circulatum majus. Ibid. 


Sal Circulatum, p. 576. Sal Circulatus, p. 628; Sal Circulatus Paracelſi. & 23. 


p. 700 3 of which he made mention in his Book de Kenovatione & Reſtaura- 
tione, If, therefore, Van Helmont has acted candidly and honeſtly in this 


Rrr 2 affair, 


» # 


\ 


"2% 
wr 


= 3 — 2 
— — _ —— $4 
r £ © — * ** 
* 2 C * — * = 
Er RE ins . _— — {= 
. N wes piſs Wn hep 


2 — 
— 
E 

2" 


= ES =D ; = 
4 - — n — 
— 2 — ñ —— 
2 * * GT — 2 
3 — "2 
- — 1 Eo DT 


EY E : 4. 
__ ana l r 
wy. OA & 2 * 1 * — , þ 
4 4 „ e ! 


492 


Its origin. 


Fifthly, its 
Vertues. 
Firſt, with 


Elements of CurMIsTRY, Part II. 


affair, we may from theſe ſynonomous terms, and the writings of Parac elſus, 
make an attempt towards a diſcovery of this wonderful Menſtruum. 
But before we proceed to this, we muſt in the fourth place conſider its 


origin. Firſt then it is never found ſpontaneouſly in Nature; for here 


Nature is deficient, & 12. p. 56. where he expreſly aſſerts, that part of 

Earth may be homogeneouſly reduced into Water by Art; but ſtrenuouſſy 
denies, at the ſame time, that this can ever be effected by Nature alone, 
becauſe in Nature the agent is wanting by which true Earth may be reduced 
into Salt and Water. Nor is this produced except by the chemical art, which 
alone diſcovers a Latex, which cannot be tranſmuted, being reduced to the 
ſmalleſt Atoms that are poſſible in Nature. 5 27, 28. p. 94. Nor is this to be 
effected by vulgar Chemiſtry, but by the labour of Wiſdom. Did. H 23. 
Pp. 700; and that, as he expreſly aſſerts, as its ultimate and moſt perfect pro- 
duction. And laſtly, he ſays, Chemiſtry, as its moſt excellent effect, pre- 

pares a univerſal Solvent. F 65. p. 387. Nay, and in the whole Art there is 
not any operation more difficult than the preparation of the Alcabeſt; nor is 
there in the whole Art any thing more laborious. Nor can the knowledge 
of this Operation be acquired either by reading, or meditation, but by a 
fulneſs of ſcience, and that too doubly confirmed; and hence very few are 
acquainted with it. F 23. p. 700. And for this reaſon this Liquor, whoſe 
Operation is vaſtly tedious, cannot be obtained by human underſtanding ; 


For though a perſon ſhould have ſo much skill in the Art as to be properly 


qualified to come to the knowledge of it; yet unleſs the Moſt High, by a 
ſpecial favour, leads him to it, he will never arrive at it; for he muſt be 
choſen by a particular privilege, whoever becomes Maſter of it, $ 27. p. 714. 
For God alone is the diſpenſer of it, for reaſons which are known to the 
Adepts, 5 2. p. 704. From this origin of it, therefore, thus delivered by 
Helmont, we may ſee how much they are miſtaken, who idelly imagine, they 
ſhall be able to prepare it with a little trouble. Theſe vain boaſters cer- 
tainly thus diſcover both their ignorance and their diſhoneſty. Nor let them 
impoſe upon you, by pretending to more things of the ſame nature; for 
Helmont abſolutely refutes every thing of this kind, by plainly aſſerting, that 
as in the whole compaſs” of nature there is but one Fire (Vulcanus Ardens) 
a burning Fire, ſo there cannot be but one Liquor, which will diſſolve all 
Bodies into their firſt Matter, without any alteration in itſelf, or diminution of 
its ſtrength; as the Adepts know and teſtify, 5 6. p. 677, 678. Being ſe- 
cured, therefore, by this doctrine, I have been able to ſilence many illiterate 
perſons, rich in promiſe and expectation, and ſometimes crafty Foxes too, by 
only asking them one or two queſtions, by their anſwers to which I ſoon. 
perceived how little they underſtood of what they boaſted of. 

But let us now proceed to examine into the ſtupendous vertues that are 
aſcribed to this wonderful, and almoſt tremendous Arcanum. This Menſtruum 


regard to its then can ee exert its diſſolving power upon all ſenſible Bodies what- 
e 


Object. 


ever, whether Simple or Compound, Volatile or Fixed, Solid or Liquid, Ani- 
mal, Vegetable, or Foſſil; nay, upon Gold and Mercury themſelves, upon 


which nothing elſe can act to their intimate parts. Thus hear him ſpeakin 


himſelf. (Naſtra Mechanica) Our Mechanics have diſcovered to me, that all Bo- 
dies, whether rocky, ſtoney Subſtances, or Gems, Flints, Sand, Mercaſites, 


Clay, 
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Clay, Earth, Bricks, Glaſs, Lime, Sulphur, Sc. may be tranſmuted into an 
actual Salt, æquiponderant to the Body from whence it is procured: And 
Vegetables, Fleſh, Bones, Fiſh, and every thing like them, I have known to 
be reduced by it into their three mere Principles: Metals, however, on ac- 
count of Anatic Commixture of their Seed, and Sand, are reduced to'a Salt with 
a great deal of difficulty, F 11. p. 43, For Sand, or original Earth, reſiſts 
both Art and Nature, nor will by any helps of Art or Nature be made to re- 
cede from its primitive conſtancy : But under the power of the Artificial In- 
fernal Fire alone, Sand becomes Salt, and at laſt Water, F. 45. p. 15. Again, 
The Alcabeſt of Paracelſus, by ſubtilizing them, tranſmutes all natural Bodies, 
9. 7. p. 57. And in another place, all Bodies are eaſily reduced to Water by 
the application of the Liquor Alcabeſt of Paracelſus, F. 6. p. 85. Even thoſe 
that otherwiſe refuſe to be reſolved into their three Elements, Jbid. By the 
help of this likewiſe, all Vegetables are commutable into a Liquor, which 
may be diſtilled without any Fæces remaining at the bottom of the Glaſs, S. 27. 

p. 88; even oaken Coal itſelf, ibid. d. 29. For one and the ſame Liquor, Al- 
cabeſt, perfectly reduces all tangible Bodies in the Univerſe to their firſt Life, 
F. 11. p. 266; even all Poiſons themſelves, F. 49. p. 374. And which diſſolves 
every thing beſides itſelf, as warm Water diſſolves Snow, F. 24. p. 380. F. 65. 
p. 387; Oil itſelf, and Spirit of Wine, p. 376; Cedar Wood, p. 634; All 
kinds of Elixir Proprietatis, 635 ; The Ludus likewiſe of Paracelſus, p. 700; 
Mercury, F. 10, 11. p. 776; Gold itſelf, F. 10. p. 706, which cannot by any 
other Solvent whatever be radically deſtroyed into its conſtituent Principles, 
as it is much eaſier to make Gold out of what was not Gold before, than to 
produce any thing from Gold which ſhall not be Gold. To this agree all 
the whole Tribe of Adepts, who unanimouſly aſſert the truth of it. 

In the ſixth place, let us conſider the manner in which the Alcabeſt exerts ,, 11 
its power upon theſe its Objects. And here we find its efficacy is always ex- vith regard e . 
cited by Fire, and this applied only in a gentle degree, whether it acts in di- 8 | . 
geſtion, diſtillation, or cohobation. For he mixed the Alcabeſt with Coal made : | 
from Oak in equal parts, and digeſted them for three days in a Bath-heat, in a 
Glaſs hermetically ſealed, and the Solution was then compleated, §. 29. p. 88. 
The Sal-Circulatum, by digeſtion only, reduces every ſort of Oil, and Spirit 
of Wine, into a prodigious different form, from what they were in before, 
p. 567. If the Alcabeſt is mixed with an equal weight of Cedar-wood re- 
duced to ſmall pieces, and is expoſed to a kindly warmth in a ſealed Glaſs, 
the whole Wood will, in a week's time, be reduced to a milky Liquor, p. 
634. Sometimes too, the work is done by one ſimple diſtillation : For if the 
Liquor Alcabeſt is diſtilled once only from common Mercury, it leaves it at the 
bottom coagulated, and pulverizable, and neither increaſed nor diminiſhed in 
its weight, p. 628; which is effected in a quarter of an hour, p. 776. But 
ſometimes a cohobation 1s neceſſary, in order to accompliſh your deſign. For 
frequently, when Bodies are converted into a Salt of the ſame weight they were 
of before, they muſt be cohobated ſome number of times with the Sal- Circu- 
latus of Paracelſus, before they will intirely loſe their fixity, F. 11. p. 433 
which happens chiefly in Metals, Gold in particular, on account of the per- 
fectly equable commixture of its Seed, ibid. On the other hand, if by one 
diſtillation only it is drawn off from the Ludus, or Cevilla of Paracelſus, this 
diſtillation, 
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diſtillation, in ſo ſmall a ſpace as that of two hours, it converts the whole 
Stone into a Salt of the ſame weight. As for any other manner of applying this 


_ univerſal Solvent, I can. find none, nar docs it appear by any argument, that 


a greater degree of Fire is neceſſaty for the operation. By a gentle agitation of 
its parts therefore, excited by the Fire, it is capable of diſſolving all Bodies. 
For the Acabeſt itſelf riſes in diſtillation with the ſecond degree of a Sand-heat, 
$. 29, p. 88. But it does not aſcend with a Bath-heat, $. 29. p. 88. 634. 
But farther, there was nothing ever obſerved in all Nature, or even related, 
that is more ſurprizing than the phyſical effects which theſe Authors aſcribe 
to the action of this „ i : Þor it intirely converts the whole Body of 
its Object, into a Matter which has neither gained nor loſt the leaſt weight du- 
ring the Operation ; and this tranſmuted Matter ſeems always to be liquid or 
ſaline. In this affair, however, there is ſome variety: For Mercury, by the 
action of the Alcabeſt, is reduced to a fixed Powder, which is pulverizable, re- 
ſiſts a Wind-Fire, and remains fixed if mixed with Lead. F. 10, 11. p. 776. 
Almoſt all other Bodies are converted into a Salt æquiponderant to their 
former Maſs, § 11, if. p. 43. F 12. p. 56. An oaken Coal is ſoon 
changed into two diaphanous Liquors, which differ in ſituation and co- 


-Jour, § 29. p. 88. Cedar-wood is converted into a milky Liquor of equal 


weight with it, and then farther into a twofold Oil, which afterwards, by 
ſimple digeſtion, are changed into a pure Salt, ſo that it may be mixed with 
Water, p. 634. But the Ludus, or Cevilla of Paracelſus, which is a Stone 


found at the bottom of the Scheld, near Antwerp, is within the ſpace of two 


hours only, converted by a gentle diſtillation into a Salt æquiponderant with the 
concrete, which being expoſed to the Air, diſſolves, and runs into a Liquid, 
without leaving any Faces at all, F 23. p. 700. From this whole account, 
then, it is evident, that this Solution at the beginning is performed after diffe- 
rent manners, but that at laſt, however, it reduces all Bodies into a kind of 
Salt that may be diſſolved in Water, Mercury alone excepted, which on ac- 


count of its perfect ſimplicity, which renders it more pure than Gold, and 


exceeding like pure Water, refuſes to be converted into a Salt; and hence it 
radically reſiſts all diviſion poſſible to be effected, either by Art or Nature, 
and for this reaſon is perfectly indeſtructible, & 8. p. 55. F 10. p. 705. Theſe 
Bodies, however, after they are by the help of the Alcabeſt reduced to an 
æquiponderating Salt, ſtill retain their proper vertues, which depend upon 
the ſeminal property of them, and which therefore are peculiar to them, and 

ot common to others. This very remarkable circumſtance is deſcribed, F 7. 
P- 55. where he ſays, the Alcabeſt of Paracelſus, by ſubtilizing them, tranſ- 
mutes all Bodies in Nature; for Bodies, when they are reduced to their utmoſt 


poſſible ſubtility, at laſt paſs into another fubſtance, with a retention of their 


ſeminal Properties. And 5 65. p. 387. By the univerſal Solvent, all things 


return back to their Ens primum, and exhibit their native qualities, whence 


they have an opportunity of acquiring great and unlimited powers. But more 
plainly ſtill, $ 6. p. 677, 678. while he aſſerts that this Liquor alone diſſolves 


all Solids into their firſt: Matter, without any diminution, or alteration of itſelf, 


And therefore, he cries out, get but acquainted with this homogeneous, im- 
mutable Solvent, which reſolves: all its Objects into their firſt liquid Matter, 
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and then you will be able to look into the intimate eſſences of things, and ex- 
amine their qualities, $ 25. p. 780. By this means, therefore, all theſe Bodies 
are converted into a faline volatile Matter, which ſtill retains their particular 
Spiritus Rector. Hence it may be intimately mixed with any Humour of the 
human Body, with that circulate through all its Veſſels, and in its whole paſ- 
ſage every where exert thoſe powers which are proper to it, with regard to our 
Body. Theſe, therefore, they called Potables. Hence, then, we ſee, what 
the Adepts meant by potable Gold, and how vain and deceitful the boaſt of 
thoſe Perſons is, who pretend to be Maſters of it. Gold, when it is corroded 
by Acids, will ſtill give you again its actual Particles of Gold, tho” they 
then lie concealed in the Acid: But the philoſophical potable Gold, is a ſaline 

Liquor æquiponderant to the Gold, without any Menſtruum whatever united 
with it, being only the pure ſimple firſt Matter of the Gold, or its Eus pri- 
mum. See in particular 5 23. p. 700. Here, therefore, above all, it is parti- 
cularly remarkable, that the Alcabeſt, whilſt it thus diſſolves, never mixes it- 
felf at all with its Solvend, but remains perfectly ſeparate from it. Hence, 
therefore, it neither increaſes nor diminiſhes the ſubſtance of the Body diſſol- 
ved, but leaves it exactly the fame as it found it. This you evidently ſee, 
§ 28. p. 88. where he ſays, that the two Liquors of the diſſolved oaken Coal, 
which were different in Situation and Colour, roſe with the Watmth of the 
Bath, whilſt the ſolvent Liquor remained at bottom, of the ſame weight it was 
before. For it finds no Body with which it can be joined, itſelf being too 
pure and ſubtil, and reduced to its leaſt Atoms, and hence diſdaining all fer- 
ments, and always remaining ſingle, $ 27, 28. p. 94. Hence it acts only by 
an external action, not concreting with its tranſmuted Object, as the 
pureft Fire uſes to act upon its Object, as warm Water melts Snow, F 24. 
P, 380. §6. p. 677, 678. For this Liquor leaves nothing of itſelf mixed 
with its Solvend, § 10, 11. p. 776. Hence, therefore, beſides others, this 
Menſtruum ſeems to have two excellent advantages above all others: In 
the firſt place, that it does not act by attraction, or repulſion, but only by a 
mechanical diſſolving Power, contrary to all others that we are acquainted 
with, Fire, perhaps, alone excepted: And then, ſecondly, that it always pre- 
ſerves intire the native Powers of its Solvends, and yet whilſt it reſolves Poiſons, 
it deprives them of their violent and deadly quality, and gives them the moſt 
excellent medicinal vertues, by reducing them to their Eus primum, & 49. p. 
374. which, however, it muſt be allowed, is very difficult to comprehend. 
When Bodies, now, are by the help of the Alcabeſt reduced into their ſaline 
volatile Eus primum, retaining at the el time all their ſeminal qualities, if they 
are then urged any farther by the action of this Solvent, they are perfectly de- 
prived of their proper ſeminal vertue, and from every one, how different ſoever, 
there is produced the ſame unactive, inodorous, inſi pid, ſimple, elementary 
Water; ſo that by too great an application of the very fame Menſtruum, : 
whatever excellence was produced before, is now deſtroy'd. It appears, 
therefore, that the ultimate matter of all tangible Subſtances is Water, upon 
which the Alcabeſt itſelf can act no farther, but which being again impregnated 
with the ſeminal fæcundity of any Seed, may be converted again into any new 
Bodies whatever, Hear what he ſays himſelf ! Every Body is tranſmuted wo 3 

actua 
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actual Salt æquiponderant to the Body from whence it is made; and this 
Salt being cohobated ſome number of times with the Sal-Circulatum of Para- 
celſus, loſes intirely all its fixity, and is tranſmuted into a Liquor, which itſelf 
likewiſe at laſt becomes an inſipid Water, of the ſame weight with the Salt 
from e proceeded, F 11. p. 43. Original Sand, by the artificial Infernal 
Fire alone, is changed into a Salt, and then a Water, § 15. p. 45. And J 
know a Water by the mediation of which, all Vegetables are converted into a 
diſtillable Juice, which riſes without leaving any fæces at the bottom of the Glaſs; 
and which Juice being diſtilled with Alcali's, is totally reduced into an inſipid 
elementary Water, § 27. p. 88. An oaken Coal turned into two Liquors by 
the Alcabeſt, and then mixed with a little Chalk and diſtilled, riſes with almoſt 
its former weight, and has all the qualities of Rain Water, F 29. p. 88. And 
then they all become ſo volatile, that they riſe with a Bath-heat, and fly off 
* the Alcabeſt which remains at the bottom, F 29. p. 88. F 24. p. 380. 
„934. 5 5 
Eightbly,its But what is much more ſurprizing than all the reſt, is in the eighth place, 
— that this Menfruum, whilſt it operates ſo wonderfully upon all other Bodies, 
is not in the leaſt leſſened, altered, or weakened in its efficacy by any of them: 
So that in this reſpect again it reſembles Fire, and is with a great deal of rea- 
ſon compared to it. By a very expreſſive Phraſe, therefore, it is ſaid to act, 
by its power of acting upon all ſublunary Bodies, without reaction, § 15. 
p. 45. And that after it had diſſolved the oaken Coal in ſo extraordinary a 
manner, the ſolvent Liquor remained at the bottom of its former weight 
and ſtrength, F 29. p. 88. For its tranſmutation is deſpaired of, as it cannot 
find any Body worthy enough to be wedded to, and is ſingle with regard to 
every commiſcible ferment, to which it might be in ſubjection: And hence it 
cannot die, & 27, 28. p. 54. In its moſt perfect action, therefore, it reduces 
every tangible Subſtance to its middle life, without any change in itſelf, or di- 
minution of its ſtrength, F 11. p. 265. It is immutable, therefore, and im- 
mortal, & 3. p. 377. This alone, by operating, is not altered, § 24. p. 380. 
§ 6. p. 628. 634. 677, 678. It acts, therefore, without any re- action of the 
Patient, or depauperation of the Agent, $ 27. p. 704. § 10, 11. p. 776. For 
this Diſſolvent is homogeneous and immutable, 5 25. p. 78. and being the ſame 
both in number, weight and activity, it is as efficacious, the thouſandth Opera- 
tion, as it was at firſt. ge | | 
Ninthly, is But among other things remarkable in this Menſtruum, is, in the ninth 
Volatility» place, its degree of Fixity or Volatility in the Fire: And this again is exceed- 
- ingly ſurprizing. For after it has rendered all Bodies, the moſt fixed not except- 
ed, ſo volatile that they will riſe with the gentle heat of a Bath, yet itſelf re- 
' mains fixed at the bottom, nor aſcends with them, & 14. p. 56. F 27. 29. p. 88. 
$ 10. p. 634. 700. 776. In the mean time, however, the Alcabeſt itſelf is fo 
volatile, that it riſes in diſtillation together with the Bodies it has diſſolved in 
the ſecond degree of a Sand-heat, F 29. p. 88. And hence it may, by diſtil- 
lation, be drawn off from common Mercury, which it fixes, and coagulates, 
p. 776. 628. Hence, therefore, the compaſs within which the whole power of 
this Alcabeſt exerts itſelf, is accurately determined. 1 7 
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In the tenth and laſt place, before we quit this ſubject, we Aug ante Tenthly, its 
to you, that this Solvent, that thus remains intire in all its Operations, 1 
is ever overcome, or fatigued by the reſiſtance it meets with from any thing, thing. 
does yet acknowledge one Body in Nature with which it may be ſo united, 
as to be brought into Wedlock with it. This appears evident, by conſider- 
ing the Text of the Author. F 27, 28. p. 94. Chemiſtry was ſolicitous about 
finding out a Body, which ſhould have ſo great a ſympathy of purity, 
that it ſhould not be diſſipated by any corrumpent. And at laſt Religion 
was aſtoniſned to ſee a Latex diſcovered, which being reduced to the leaſt 
poſſible Atoms in Nature, remained ſingle, and diſdained to be wedded to 
any Ferment. Its tranſmutation therefore was deſpaired of, as it could not 
find any worthier Body with which it might be united. But the labour of 
Wiſdom found out an, anomalous Body in Nature, which roſe without any 
commiſcible ferment different from itſelf, This Serpent bit itſelf, revived 
from its Poiſon, and afterwards knew no Death. So that we ſee here the 
conjunction of two things which were in ſome meaſure different. But he 
intimates this ſtill more plainly and diſtinctly, S 11. p. 265. where he fays, 
that one and the ſame Liquor, Alcaheſt, reduces all the tangible Bodies in the 
Univerſe to their firſt Life, without any alteration in itſelf, or diminution 
of its ſtrength, but is brought under the yoke, and altered by its equal alone. 

And in another place he comes ſtill nearer the matter, & 14, 17. p. 56, 57: 

telling us, that when Mercury is perfectly freed from the original Sulphur, 

which intimately adheres to ir, it is not afterwards mutable by any Fire, 

but immediately deſtroys all other Seeds, except its equal. 

: Thus, Gentlemen, I have faithfully laid this affair before you. Concern- ofthe Mat- 
ing any thing of this nature, I have not, to my knowledge, read a Word _ 5 
any where but in theſe Authors. Neither the ancient Ehiloſophers, nor Sat bor the 
any other Chemiſts or Phyſicians ever mentioned, or heard of any ſuch thing; — 
and yet, of every thing we want in Phyſics, it is vaſtly the moſt to be 
wiſhed for. You will, no doubt, therefore, be mighty ſolicitous to know 

in what kind of Matter it ought to be ſought; for which reaſon I will add 

a few words upon this head, having tried a vaſt variety of things myſelf, 

which I have ſometimes repented of with indignation. Paracelſus then had a 
Liquor which he prepared by an infinitely tedious circulation from Sea Salt, 
in which Nature has placed the greateſt perfection. This by an indefatigable 

application he till advanced to a perpetual Oil; and then he called it the 
Ens Primum ſalium; Oleum Salis; Liquor Salis; Aqua Salis; Circulatus Sal- 

minor; Circulatum minus; L. IX. Achid. under the remedy ad Maculas. In 
his Treatiſe de Sale, C. IV. in correctione & additione. Lib. de Renovatione 

Arch. IV. Cap. 4. Eſſentia de Salibus, Archid. L. VIII. Cap. de Elixire Salis 

Quintæ Eſſentiæ extractio de ſalibus, Archid. X. Cap. 2. And the preparation 

of this Sal Circulatus, which is vaſtly troubleſome, is there deſcribed. nor 

is there any thing obſcure in it, except that we don*t know what the Spirit 

of Wine is, that is there required to ſeparate the impure from the pure. This 
now agrees exactly with the Opinion of Van Helmont; for he ſays, that the 
Salt of Bodies being ſome number of times cohobated with the Sal Circu- 

latus of Paracelſus, Is converted into Water, & 11. p. 43. And hence to the 

Primum Ens Salium he. aſcribes the W of the Alcabeſt itſelf, p. 419. a 
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ſays, that by the Sal Circulatus all poiſons die, 5 9. p. 374. And hence he 
calls it the moſt happy, perfect Salt, which is reduced to the ultimate de- 
gree both of purity and ſubtilty, and hence pervades every thing, that alone 
remaining immutable during its operation, by which it readily diſſolves every 
thing elſe, § 24. p. 380. This Sal Circulatum acts wonderfully upon Oil, 
and Spirit of Wine, p. 576, This Sal Circulatus reduces Bodies into the Li- 
quor of their concrete, p. 628. And with that may be prepared the Ludus, 
23. p. 700. 3 | | 
IG mw But Paraceiu had another Solvent, much more powerful than the former 
Jun che Circulatum minus, and much more difficult to be come at, which, therefore, 
Cirezlatm he called his Circulatum majus, Archidox. x. C. 4. And hence in the ſame 
h lace he calls it, likewiſe, the Materies Mercurii Salis; and afterwards, 
Living Fire, Archid. x. C. 5, 6. In common Mercury he ſuppoſes there is a 
moſt perfect Fire, and a latent, celeſtial life, and that the quinteſſence of Mer- 
cury is celeſtial Fire, if it is diſſolved with its Mother, viz. an Arcanum of 
Salt, Arc hidox. x. C. 6. When theſe two, therefore, by a true adunation, are 
intimately united together, and together rendered pure, ſubtil, and volatile, 
then ſeems to ariſe that wonderful mercurial Water, which he deſcribes in the 
Chapter de Corrodente ſpecifico, where he ſays, that Gold ſo dies there, that it 
continues to be Gold no longer; whereas in all other corroſions of Gold, 
the Gold is only divided into very ſmall Particles, but ſtill remains the ſame 
true Gold, and by an artificial reduction may be always recovered again. 
By this art, therefore, there is a perfect union of Water with Water: For 
there is a two-fold Water, viz. a common one, which is in Salt, and a metal- 
line one, which is in Mercury, both which, however, have the ſame Root. 
All this now ſeems to have been underſtood by Van Helmont exactly in 
the ſame manner, and therefore in a few words I ſhall juſt add what he has 
faid upon it. Pleaſe therefore to hear him ſpeaking, $8. p. 53. The in- 
ternal Mercury of Metals, perfectly freed from every taint of a metalline- 
Sulphur coheres together with an indiſſoluble union, ſo that it radically re- 
fiſts all poſſible diviſion either by Nature or Art. Nor could I learn the 
nature of Water, except under the Rod prepared from Mercury's Wand. And. 
I found the nature of Mercury adequate to Water: For it does not contain the 
leaſt Earth in it, but is always the Son of Water alone, § 10. p. 56. 50g. 
And he ſays with all the ancient Alchemiſts, if I had not ſeen that Mercu- 
ry eludes all the labour of the Artiſts ſo, that it either flies all off from the 
Fire ſtill intire, or elſe all remains in it, and both ways retains its immuta- 
ble identity, and the anatic homogeneity of its identity, I ſhould ſay that 
that art was. not true, which is true without any falſity, and by far the trueſt 
of all. So that what is above is like that which is beneath; and the con- 
trary. And hence it is abſolutely impoſſible either for Art or Nature to find 
any different parts in the homogeneity of Mercury, not even by the Alcabeſt 
itſelf, as Mercury is more ſimple than even Gold itſelf, and formed with a 
greater anatic identity. And hence, therefore, there is in Mercury the Ratio 
proxima of indeſtructibility, as in the Elements themſelves. Hence all ſubluna- 
ry things are too weak to ſubdue pure Mercury, or to penetrate, alter, or 
defile it. It remains ſecure in Air, Fire, and the acrid Liquor. It is not 
affected by any Solvent, much leſs penetrated through by Air. * 
5 | Es | | 3 ore, 
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fore, there is nothing in Nature like this pure Mercury, no not at a diſtance, 17. 
p. 670. It reſembles, therefore, the Ens Metallicum, and comes very near it, 
$ 4. p. 705. And at length, actually exiſting ſimple, and not as a conſti- 
tutive part of things, F 17. p. 670. From theſe principles, then, we know, 
that it is brought under the yoke, and changed by its equal alone, $ 11. p. 
265. For this anomalous Body in Nature, roſe without any commiſcible fer- 
ment different from itſelf ; but it bit itſelf, revived from the Poiſon, and af- 
terwards knows no death. Thus, then, Gentlemen, you have the Hiſtory of 
the Alcabeſt of Paracelſus, and Van Helmont, which I have extracted from their 
own Writings, and laid before you with the utmoſt fidelity. Here, therefore, 
ou ſee at once, that it is in vain to ſeek for this Menſtruum in human 
Living, or any of its productions. Nor can it ever be found in Tartar, or 
any of its Preparations, tho* this may be ſubſtituted as Regent to the Prince, 
§ 25, 26. p. 780. Nor can Phoſphorus ever be reduced to it: The proper- 
ties that have been propoſed won't admit of it. Glauber too is miſtaken, when 
he ſeeks it in the fixed Alcali of Nitre: As Zaelfer is in hoping to find it in the 
moſt acid Spirit of Vinegar diſtilled from Verdegreaſe. Nor does the famous 
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Guernerus Rolſincius ſeem to have had a right notion of it, when he ſuppoſed it 


to be threefold from a fixed Alcali as the Baſis, viz. in Foſſils from an Alca- 
li of Tartar, and Vinegar of Antimony; for it is a mere vitriolated Tartar 
that is thus produced: In Vegetables from an Alcali of Tartar ſaturated with 

inegar ; for this gives a mere tartarizated Tartar: In Animals from the ſame 
Alcali ſaturated with the acid Whey of Milk; for hence ariſes a tartarizated 


Tartar, but a more valuable one: Nor does the addition of Sal. Ammoniac 


much alter the caſe, Eph. Germ. D. I. Ann. 6, 7. p. 193—196. App. And 
indeed, no- body in the deſcription of the Alcabeſt has come nearer to the Senti- 
ments of Paracelſus and Jam Helmont, than Peter Fobn Faber, in his Manuſcript 


concerning Alchemy, to the moſt ſerene Duke of Holſace, which is printed in 


Epb. Germ. D. II. Ann. 8. App. p. 111. 117. out of which theſe remarkable 
words confirm my opinion. The Liquor Alcabeſi is a pure mercurial metalline 
Spirit, ſo converted to its proper natural Body, that theſe two become one in- 
ſeparable indeſtructible being, deſtroying every thing elſe, and converting 


them into their firſt Matter. It is the true Mercurius Philoſophorum, 223 | 


from the Mineral Kingdom, joined to its own Body, inſeparable from it, 'being 
a milky, buttery Liquor, penetrating and diſſolving every thing. This, now, 
is of two kinds, Simple and Compound : The Simple is made from a pure 
metalline Acid, and a pure metalline Salt, rendered volatile with its Spirit; 
and the Preparation of this is exceeding difficult: That, however, of the Com- 
pound, is ſtill far more ſo ; for this is prepared from a mineral Acid, and a 
pure animal and vegetable Salt. The Liquor Alcabeſt, or the perfect pure 


Mercurius Philoſophorum, 1s like Fire of an incorruptible unalterable nature, 


reducing every thing to its firſt Matter. And the very ſagacious Joachim Be- 
cherus, in his Subterranea, is almoſt of the ſame Opinion: For he aſſerts, that 
he has diſcovered in Sea-Salt, a certain arſenical and mercurificating Power, 
which was it but ſeparated and pure, would be the Acabeſt itſelf, which, how- 
ever, would be perfectly diſtinct from the Mercurius Philoſopborum. Hence Mer- 
cury itſelf, he looks upon as a ſulphuro-metalline Subſtance, which of itſelf 
would be ſolid, and receive all its Err from an arſenical Sulphur of com- 
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mon Salt. This very ſubtil conjecture, I wiſh he had more clearly demon- 
ſtrated. The ſum of this Gentleman's Argument is this: The pureſt Silver, 
corroded by Spirit of Nitre, and precipitated by Spirit of Sea-Salt, becomes 
volatile, and then eaſily diſpoſed to part with its Mercury ; and therefore Sea- 
Salt can tranſmute the pureſt Metals from their fixed Nature into true Mer- 
cury. Perhaps, now, at laſt you may be willing to know my Opinion of 
this matter, and whether I believe that any of the Chemiſts were ever Maſters 
of this grand Arcanum. To this I freely anſwer : Yan Helmont complains, that 
the Bottle was once given him, but that it was taken away again, and there- 
fore he could not make many Experiments with that Liquor : And Paracel- 
ſus does not ſay ſo many, and ſo great things of his Solvent, and therefore, 1 
really don't know what to ſay of it. This, however, ÞlI venture to ſay, 

and would adviſe you to try it, that if you will but examine Sea-ſalt, and 


Mercury, in every chemical] Method you are acquainted with, you will never 


repent of your Labour, 


Of Chemical Veſſels, and the Furniture of an Elaborator J. 


As the buſineſs of Chemiſtry is concerned in producing and obſerving the 
changes of Bodies, and as theſe changes are particularly effected by the ap- 
plication of Fire, hence the Operators neceſſarily ſtand in need of Inſtruments 
and Veſſels, without which it is impoſſible for them to exerciſe their Art. 


By a. Veſſel, now, I mean every hollow Body, in which the Matter to be che- 


mically changed, or actually changed, is contained, as likewiſe the changing 


Body or Solvent. An Inſtrument, I ſhall call every body that has that ſtrength, 
fize and figure, as to make it fit to apply the changing cauſes to the Bodies 


to be changed in ſuch a manner, as by means thereof, to excite ſuch a mo- 


Chemical 
Veſſels. 


The Matter 
of the Veſ- 
ſels. 


tion as the rules of Art determine, and by the aſſiſtance of which, the Opera- 
tor ſhall be able to manage both thoſe cauſes, and thoſe Objects. In general, 
then, your chemical Furniture muſt conſiſt of Bodies to be changed by Art, 


of cauſes capable of effecting ſuch changes, of Veſſels, Inſtruments, and Bo- 


dies actually prepared by the chemical Art, if you would have your Elabora- 
tory compleat. | | 

Chemical Veſſels, to which the Objects to be changed are committed, muſt 
be able to contain ſuch Bodies, and their ſolvent cauſes, and at the ſame 
time to bear the Fire that acts upon, that they may not prove defective in the 
middle of their Operation. It is neceſſary, therefore, that theſe ſhould be 
very ſtrong, and of ſuch a nature, as not to taint their Contents: And theſe 
one may call containing Veſſels. And thoſe on the other hand, that receive the 
Subſtances after they are changed by their cauſes, which are almoſt always 
ſeparated by the force of Fire from the Body, which in the containing Veſſel 
either does then bear, or has born that force, we may call Receivers: And in 
theſe Veſſels we have particularly to conſider, the Matter, and the Figure. 
2 Matter of the Veſſels, is either Wood; Clay; Stone; Metal, or 

aſs. | 

Wooden Veſſels, made of dry Wood, not oily, or painted, are reckoned 
beſt for keeping Salts, ſaline Bodies, Limes, and calcined Subſtances, if they are 
put in them, when they are both very dry, and the Veſſels are then ſtopped 
very cloſe: For in this manner thoſe Bodies uſe to keep, which in almoſt all 


others 
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others melt from the Moiſture of the Air. Mortars and Bowls too, turned out 
of Wood, are uſed to advantage, particularly for rubbing Metals with Water 

that are diſſolved in Mercury, for which purpoſe they are better than any 

thing elſe. Theſe too are of ſervice in reducing melted Lead and Tin to 

Powder, if they are firſt rubbed over with Chalk: And theſe are the chief 

Uſes they are put to. 5 | 

_ Veſſels made of Glaſs are of excellent ſervice, becauſe they neither change, Gl6Veſſcls. 

add, or take away from the Bodies they contain; and whilſt they are expoſed . 

to the action of the-Fire, they ſuffer nothing to tranſude through them from 

within, nor admit any thing from without, except Fire, and Magnetiſm, con- 

taining and bearing even the Alcabeſt itſelf in the Fire. In every Experiment, 

therefore, we want to make, and in every chemical Operation, theſe, and theſe 

only ought to be made uſe of, when there is not required a greater degree of Fire 

than Glaſs is able to bear without melting. And as the German green Glaſs which 

leaſt of all affects the contained Bodies, is the moſt incorruptible, and bears the 

Fire a long time without being fuſed ; hence that is preferable to every other 

ſort for theſe purpoſes. As for the white, which is almoſt like Chryſtal, and 

eaſily flaws, and ſweats out its Alcali, that muſt be rejected here, becauſe it 

melts too eaſily, and communicates its Alcali to Bodies, as appears too evident- 

ly. The green Glaſs, I mention, will bear more than 600 degrees of Heat be- 

fore it is put in fuſion, but how much more exactly, I don't yet know: In the 

greateſt Sand-heat, however, I have brought it to melt. It is evident, theree 

tore, that this can bear a conſiderable compaſs of Fire, without any inconveni- 

_ ence, tho' beyond certain limits, it can ſuſtain it no longer. It were much to 
be wiſhed, therefore, that Yan Helmont had acquainted us with that ſecret 
Lute, with which a glaſs Veſſel being coated, it would bear the ſtrongeſt open 
Fire of a Wind- furnace, without melting, ſo that he cou'd with Glaſs diſtill 
the igneous Oil of Vitriol. This Cruſt is ſaid neither to ſplit, crack, fall off, 
nor vitrify. And thus in the greateſt intenſity of the Fire, this Coat is ſaid 
to incruſtate the Glaſs internally, Helm. F 19. p. 707. If this was true, then 
all Operations might be performed in Glaſs ; but, I confeſs, I know of no ſuch 
coating, nor have ever met with any body that did. 

The third ſort of Matter made uſe of for chemical Veſſels is Metal. Of 3 
Metals, now, Iron melts with the moſt difficulty; and hence a great many 
Veſſels are made of Iron. All metalline Veſſels, however, have two inconve- 

niencies, the firſt that they are corroded by Salts when they come to be red 
hot, and hence both ſpoil their contents,and are themſelves deſtroy*d : The ſecond, 
that they melt in the Fire. This I myſelf have had experience of; for I got 
ſome iron Long-necks made of caſt Iron, in order to diſtill Phoſphorus fro 
Urine, but they melted long before the Operation was finiſhed. Bk 

In the fourth place, therefore, the Chemiſts make uſe of Veſſels likewiſe, made Potters vd 
of Potters Clay. But theſe too, when they are made of a fat clayey Earth, vi- ® 
trify when they come to he expoſed to the greateſt degree of Fire, and thus 

prove deficient. The beſt, therefore, are thoſe made of a poorer Earth, ſuch 
as the Heſſian, and the like, which are made of crucible Earth; for theſe bear 
the moſt intenſe Fire. But theſe, too, as they are porous, tranſmit ſome ſa- 
line Particles, eſpecially when you make uſe of them in the diſtillation of acid 
Spirits, Of this variety of Veſſels, now, it is evident what fort are the moſt 
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proper for any particular Operations: Pure aqueous Liquors, - for inſtance, 
and perfect fermentative Spirits, may be diſtilled in Metal: Acetoſe, diſtilled, 
fermented vegetable Spirits conveniently enough too in Tin: Other ſaline Sub- 
ſtances require Glaſs. The ſpiral Tubes made uſe of in the diſtillation of ace- 
toſe Liquors, are made of Tin; but it's beſt always to make the Head of Glaſs, 
for the reaſons juſt mentioned. Earthen Veſſels are never made uſe of, but 
where there is required a very great degree of Fire, and then, that they may 
tranſpire leſs, and be not ſo apt to crack, they ſhould be always coated with a 
proper Lute. When you are perfect Maſters then of this affair, before you 
begin any chemical Operation, you muſt conſider the nature of the Matter to 
be operated upon, and the degree of Heat it will require, and hence you will 
eaſily ſee what kind of Veſſels are fit for your purpoſe. And here, where one 
is perfectly at one's liberty, one wou'd always prefer Glaſs, if it was for no 
other reaſon, than that one can here look into the Veſlel, and obſerve all the 
Phenomena that happen to the Bodies within, during the Operation ; which 
ſetting aſide the gratifying one's curioſity, is of excellent ſervice both in Che- 
miſtry and Philoſophy, as by this means we come at the origin of a great 
many appearances. The Indian Potters Earth, of an aſh colour, is like China, 
and is, perhaps, a Species of it. The Potters make Veſſels of this Earth of all 
ſizes, in which they put up their Pickles and Sweet-meats, to ſend abroad. 
Theſe are neither corroded nor penetrated by Acids: And hence your Diftil- 
lers of Aqua Fortis make uſe of them, to keep their acid Spirits in. 

Thorn ri. Veſſels, now, let them be made of what Matter you will, may differ vaſt] 
gures of Veſ- in their Figure ; of which, with regard to chemical uſes, I ſhall juſt add a few 
Xe > words. Thoſe glaſs Veſſels that are deſigned for putting volatile Liquors, and 
Ae.  - Salts in, are beft, I think, made with a plain bottom, hollowed inwards, the 
fides rifing cylindrically, and terminating at top in a narrow cylindrical Neck. 
The mouth of theſe muſt be ſecured with a glaſs Stopple, ground nicely to the 
.concavity of the Neck: And the larger that part of the concave Surface is, that 
the Stopple is in contact with, the more nicely it will anſwer the end. But 
thoſe Veſſels out of which Liquors are to be dropped, ſhould be made with a 
ſpherical Belly, and the Neck of theſe too ſhould be cylindrical, and the 
* Mouth of them produced into a Rim, which on the upper part ſhould be a little 
hollow. Theſe may be ſtopped with a Cork, or if you keep volatile acid 
Spirits in them, with the Gardiners yellow Wax, The Figures of theſe you 

fee in Plate IX. 4 
For chemi- Other Veſſels which the Artiſt wants for the ſeparation of Bodies by Fire, 
cal Operati- which is generally done by diſtillation, require different Figures according to 
my the different ends to be anſwered. And here it is neceſſary that theſe ſhould 
be of two Sorts, one for containing the Body to be changed, and bearing the 
Fire neceffary for the Operation; the other for receiving what is ſeparated 


out of the other by the action of Fire; which are almoſt always colder. I ſhall 
now then conſider the Figure of each of theſe. 


Crucib les and 


lebten If the Body to be changed and ſeparated in the Fire, is to have nothing but 
ing Veſſels, its fixed part preſerved, then the Figure of the Veſſel made uſe of, is almoſt 
always an obtuſe Conoid with its Baſe at the top, and truncated Vertex at the 
bottom: And theſe are varied through all the degrees, from this conical Fi- 
Sure, to a concave ſpherical Segment. Thus the melting Pots called Crucibles 
Im; Os are 
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are conical, but the ſmelting Veſſels uſed for uſtulation, and calcination are 
concave parts of a ſpherical Segment. In theſe Veſſels, the effect of their 
Figure is this, the ſhallower the Veſſels are, and the more they diverge from 
the bottom, the more eaſily will the volatile Matter fly off from the fixed, 
and the Fire will be applied to a larger Surface both of the Matter to be ſeparated, 
and that which remains fixed; and hence for uſtulation, the loweſt, and open- 
eſt Veſſels are always made uſe of. 5 5 

But when the volatile Matter, ſeparated from the fixed, is to be ſaved as pigiing 
well as the fixed, then the containing Veſſel has a three-fold Figure, viz. Veſek. 
either a cylindrical one, a conical one, converging upwards, or a conical one, pi. x. 
converging downwards, The cylindrical, by its ſides only keeps in the vola- 
tile Bodies, but neither forwards or impedes their aſcent: The whole difference, 
therefore, in this ſort, ariſes from the height; and hence, as is the height, 
ſo is the diverſity of the operation. In order to ſeparate the moſt volatile 
Bodies from the leſs volatile ones, theſe cylindrical Veſſels muſt be very high; 
and the contrary, when you want to ſeparate Bodies that are almoſt fixed, from 
thoſe which are perfectly ſo. But when from a narrow bottom, the Veſſels 
are expanded upwards, as in the Hemiſpherical Cupels, or thoſe that are 
only the ſegment of a Sphere, then it is plain from Hydroſtatics, that every 
point of the concave baſe will ſuſtain an incumbent column of Liquor, who 
height is meaſured by a line drawn perpendicular to the horizon from that 
point to the ſurface of it. Hence, therefore, it is plain, that the columns will 
be always ſo much ſhorter, the nearer you come to the edge ; for which rea- 
ſon this diverging. figure wonderfully forwards elevation; and on this account 
exhalation is effected by it moſt expeditiouſly. Thus then we have an idea of 
the Veſſel called a Retort; for it is a hollow Sphere terminating in a cylindrical 
neck, whoſe upper horizontal line is a tangent to the upper point of the Sphere, 
whilſt the inferior one produced, forms a diameter to the Sphere parallel ro that 
tangent. Such a Veſſel, therefore, eaſily. determines the ſeparated Matter into the 
cylindrical Aperture, and thence, into the Receiver, which is here very eaſily 
raiſed by the Fire, and confined and repelled by the arched figure of the Veſſel. 
This Veſſel, therefore, is fitteſt for ſeparating by diſtillation thoſe parts which are 
very fixed from thoſe which are abſolutely ſo; as in the diſtillation of Oil of 
Vitriol, Spirit of Nitre, Aqua Fortis, Spirit of Salt, Spirit of Alum, and the 
like. But the Workmen generally bend the neck downwards, and draw it out 
into an open conical end, that the Vapours which are propelled into the firſt part 
of the neck, may afterwards ſpontaneouſly run down, and diſtill; and with 
this view are made all your common Retorts, But for very tedious diſtillations, 
where a long continued application of the Fire is requiſite to raiſe and expel Par- 
ticles that very ſtrongly reſiſt ſuch an elevation, I got ſome cylindrical Veſſels 
made, which when they were placed in a horizontal poſition, in their upper 
horizontal part opened into a horizontal neck, as you ſee Plate X. with theſe 
are moſt conveniently diftilled Phoſphorus, and all Liquors that riſe with a 
great deal of difficulty ; and if you will try them, you'll be pleaſed to find 
ſome very difficult Operations rendered much more eaſy. When I diſtilled 
however yearly before you ſuch large quantities of Oil of Vitriol, and foſſil acid 
Spirits, in my private Lectures, you remember I always inſtead of Retorts 
made uſe of cylindrical, earthen Long-necks, which open with a large, me 
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lar mouth. Theſe, when they are placed horizontally in the Furnace, are the 
beſt kind of Veſſels, for theſe diftillations ; for cylindrical Segments being at 
one end inſerted into the Orifices of theſe Pots, and at the other, into large 
glaſs Receivers, placed horizontally, likewiſe, and then well luted, furniſh us 
with the ſafeſt method of diſtilling thefe acid Spirits. Thele all you may ex- 
amine in the figures annexed Pl. X. which will readily bring to your mind what 
you have ſo many times ſeen, and help you to conceive properly of thoſe you 
never ſaw before. Thus then I think we ſufficiently underſtand the fundamen- 
tals of the Doctrine of the figure of containing Veſſels in the diſtillation of 
Bodies that riſe with difficulty. And if we conſider what follows from this Doc- 
trine, we ſhall find this obſervation generally true, that with the more difficulty 
any thing riſes in diſtillation, the more neceſſary will be the figure and diſpoſition 
of theſe laſt Glaſſes: But on the other hand, when the Matter to be ſublimed 
is very mobile, and in its degree of volatility differs but little from the Body 
from which it is to be ſeparated, then Veſſels of a contrary figure beſt anſwer 


the purpoſe. Thoſe in the firſt place then are conical, which becauſe they ſome- 


what reſemble Hercules's Club, are by the Germans and Dutch called (Kolven) 
Clubs, as on account of their likeneſs to a (Cucurbita) Gourd, they have 
obtained the name of Cucurbits ; but the ancienteſt Alchemiſts, as Lully and 


_ others. moſt frequently called theſe Veſſels Urinals. And here it is very eaſy 


to conceive, that when the Liquors in theſe Veſſels are raiſed by the Fire, they 


muſt run againſt the converging ſides of the Veſſel, and being there ſtopp'd in 
their aſcent, will be repelled and turned back again. If there is any thin 
therefore that is raiſed with difficulty by the degree of Fire made uſe of, that 


rarely aſcends ſo eaſily in theſe Glaſſes, but is rather repelled back again, and 


remains at the bottom. In theſe Glaſſes, too, this is to be obſerved, that the 
greater the latitude of the bottom where it is wideſt, is in proportion to the 
aperture of the upper orifice, through which the ſublimed Liquor muſt paſs, 
there the impediment and repulſion of the elevated Matter will be greater, 
too, ſo that by this means the perfectly volatile part alone may be nearly 
ſeparated from that which is not ſo much ſo. And laſtly, the height of theſe 
Glaſſes muſt be taken into conſideration, likewiſe, for the greater their altitude 


zs, the more difficult will be the ſublimation of thoſe Bodies that are leſs vo- 


latile. A proper regard to theſe three circumſtances has given viſe to a ver 


beautiful invention, by the aſſiſtance of which you may with a little Fire, 
Trouble, and Charge, diſtil a large quantity of ſimple Alcohol, or the ſame 


impregnated with the moſt ſubtil, vegetable Spirits; and it is done in the fol- 


lowing manner. Make a conical, tin Veſſel, the Baſe, of what ſize you have 
a mind, 6 inches, for inſtance, in diameter; and let the diameter of the upper 
orifice be one inch, and the height be 4 feet. At the top let it be bent down- 
wards in a cylindrical form, and at the bottom let this Cylinder be turned up 
again, that it may be inſerted into the Mouth of a cylindrical, ſpiral Tube, 
commonly called a Worm. Then if you put ſome Spirit of Wine in a Cu- 


curbit, that ſtands in boiling Water, and fit on ſuch a conical Veſſel to it for 


a head, and then diſtill through the ſpiral Tube and the Refrigeratory, you will 
the firſt time have a very ſtrong Spirit, which upon a ſecond repetition of the 
operation will come off pure Alcohol. From the fame Principles we underſtand 
the nature of the (Phiala Chemica) Chemical Vial, as it is called, which is a 
— | | ſpherical 


ſpherical Body, from whoſe Yertex there ariſes a long cylindrical Neck, open 
at top: Theſe are generally called Matraſſes, or Boltheads. Theſe, now, are 
of incredible uſe in Chemiſtry, in ſome of the niceſt Operations; for as the 
Neck may be made of what length you pleaſe, as may likewiſe the. propor- 
tion of the capacity of the Neck to that of the Belly, hence it is very evident, 
that you may give the Liquor contained in the Belly ſo great a degree of re- 
ſiſtance, with regard to its aſcent, that if you digeſt it with a gentle Fire, there 
ſhall ſcarcely any thing come out of the orifice at top. But in this kind of 

Veſſels I have obſerved particularly, that the column of the Atmoſphere that 
reſts upon the aperture of the Neck, ſurprizingly compreſſes the Liquors that 
are contained in the Belly, and are agitated by the Fire, and ſerves as a kind 
of Stopple, to cloſe up the aperture of the Neck, being at the ſame time kept in 
equilibrio with the impetus of the Liquors that endeavour to riſe; for whillt the 
Air being rarified by the Fire endeavours to elevate the whole ſuperincumbent 
column of the Atmoſphere, it meets at the ſame time with juſt the ſame re- 
ſiſtance from the renitent weight: Hence then the liquid particles that are con- 
tained in this rarified Air, are repelled to the bottom of the Veſſel, by which 
means it comes to paſs, that when they are agitated by the Fire, they are ſtrong - 
ly applied to thoſe Bodies that lie at the bottom of the Glaſs, * This you ſee 
evicently with the naked Eye; for if you put ſome Alcohol of Wine into one 
of theſe Boltheads, that has a very long, ſmall Neck, and hold it cautiouſly 
over the Fire, when it begins to be ſo hot as to be ready to boil, you will per- 
ceive Vapours aſcending into the cavity of the Neck, and falling down again, 
like little, floating Clouds. Hence, therefore, with theſe Glaſſes, the digeſtion 
of Menſtruums with their proper Solvends, is moſt happily effected, without 
loſs either of the Menſtruum, or the Body to be diffolved ; which has been of 
excellent ſervice to me in p-rforming a great many experiments, which other- 
wiſe I could not have made. Theſe tall Matraſſes, farther, are particularly 
ſerviceable in ſeparating the very volatile, pure, alcaline Spirits, and Salts, 
from their volatile Water, Oil, and Earth, from which it is fo very difficult 
to ſeparate them by other methods. Theſe Veſſels, however, have this one In» 
convenience, that when the Liquor at the bottom comes to boil, as it cannot 
riſe up high enough, it leaves the top part of the glaſs Neck cold, and hence, 
if the boiling Vapour aſcends at once, by the ſudden heat it is apt to make 
the Glaſs fly in that place, eſpecially if it is in the Winter, and freezes. And 
then, again, the Drops that are collected upon the cold part of the Neck, and 
hence are cold themſelves, often run down among thoſe parts that are vaſtly 
hot in the Belly or Neck of the Glaſs, and burſt the Veſſel to pieces. This I 
once experienced myſelf, to my coſt, whilſt I was digeſting {ſome Mercury with 
this Apparatus. From what has been ſaid, then, we conceive ſufficiently of the 
efficacy of the figure of Veſſels, and the neceſſity there is of ſuch and ſuch par- 

_ ticular Forms, to anſwer different ends propoſed. The figure of Receivers, par— 

_ ticularly if they are large ones, is two-fold 3 either they are made with a 
ſpheroidal Belly; or elſe in form of a Cucurbit. Suppoſing, however, the ca- 
pacity of both to be the ſame, then that, like a Cucurbit, is preferable to the 
ſpherical, becauſe it being longer, the bottom is farther from the mouth of 
the exhaling Veſſel, and hence gives the Liquors coming very hot from the 
Fire, a more convenient ſpace to grow cool in: This obſervation I have found of 
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ſervice. It's very often neceſſary, however, to. increaſe the diſtance betwixt 
the containing Veſſel, and the Receiver; and this I told you before might 
be done by. putting a cylindrical Tube. between them, and then luting it to 


the Mouth of them both. But in the more nice diſtillations, of Mercury in par- 


ticular from Metals, we are forced, to, make uſe of another contrivance to 
increaſe the diſtance to a proper length; which is done by the help of the 
Glaſſes you ſee here, which being made to fit into one another, form one con- 
tinued Veſſel of what length you pleaſe; their junctures at the ſame time being 
ſecured with a proper Lute. A Retort, Receiver, and theſe prolonging 
Veſſels, which I have given you a Figure of Pl. XI. would be ſufficient for 
all diſtillations, if we did not often want to ſeparate Bodies that are very vo- 
latile from other volatile ones: But as this is daily the caſe, here again we are 
obliged to make uſe of tall, upright Veſſels, which muſt have a Head fitted on 
to them, called by, Dioſcorides an d ugił, where he writes of the ſublimation of 
Mercury, whence by an Arabian variation *twas call'd an Alambic, or Alembic, 
under the Raſtrum of which you place the Receiver. You will eaſily perceive, 
now, where it is proper to make uſe of a Cucurbit with a Head, and Receiver, 
and where a Retort and Receiver. This, the eaſineis with which any Bodies 
riſe, and the conſideration of their being mix'd with others that are very vo- 


latile, from which they are to be ſeparated, will ſufficiently point out. You 


perceive too at the ſame time, that the principal inconvenience of this laſt 
Apparatus is this, that as the Alembic muſt be luted to the Cucurbir, and its 
Roftrum to the Receiver, you muſt by this means have two Junctures, which, 
take all care you can, will tranſmit ſome of the ſubtil Vapours through the 
cracks of the Lute. But there is often neceſſary, likewiſe, a continual reaffu- 
ſion of the volatile part, upon the fixed Ręſiduum from which it was ſeparated, 
This the Artiſts generally call Cohobation, Paracelſus, formerly, Circulation; 
and this operation has the moſt beautiful effects of any in the Chemical Art. 
As the Operators, therefore, ſaw the great neceſſity of it,. and at the ſame time 
found, that every time they opened their Veſſels, they loſt ſome of their Li- 
quors, by thus pouring them back, expoſed to the Air, they on this account 
contrived a Glaſs Veſſel, conſiſting of a Cucurbit and an Alembic, the two 
Roſtrums of which being turned back into the Cucurbit, perpetually return into 
its Belly the Liquors that are collected in the Alembic ; and thus, the Veſſel 
being perfectly ſecured above, the loſs of the Liquor is prevented, and the 
trouble very conſiderably leſſen'd: This they called a Pelican, which is i 


much the better, as the Tubes brought from the vertex of the Alembic are 


longer. But as theſe Veſſels are not very eaſy to be procured, the ſame effect 
may be obtained in a ſimpler manner, and that is, by putting the Matter you 
are going to work upon into a Bolthead, with a pretty long Neck, and then 
fitting the Neck of a leſs into the Mouth of it, and ſecuring the Juncture with 
a proper Lute. You muſt obſerve, however, to heat the Glaſſes firſt to ſuch a 
degree as will be neceſſary for the Operation; for then the Air, being heated, 
will be proportionably expell'd out of the Veſſels, after which you may Jute it, 
make your Fire, and proceed without any danger. In this Apparatus, how- 


ever, it ſometimes happens, that the Liquor which is collected at top, and 


grown cool, falls down upon the hot bottom, and makes it fly : Being thus 
cautioned, therefore, you will take care to guard againſt this inconvenience. 
9 . FF 12 
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And thus we have ſufficiently conſidered Veſſels for any Chemical Opera- 
tions. = 


| Of LuTEs. 

By a Lute, the Chemiſts mean a ductile, tenacious Maſs, growing hard Ut of « 
when it's dry, which ſerves to ſecure the junctures of their Veſſels, that no Air © 
may paſs in and out, but particularly, that the Corpuſcles, when they are carried 

up by Fire in the diſtillation, may be kept in, nor ſuffered to eſcape out of 
the Veſſels. It is evident, therefore, that the Lutes muſt be different, accord- 
ing to the nature of the Bodies to be diſtilled. . 

If then it is an aqueous Body you are operating upon, you need only take The Lute for 
the flower of L. inſeed, from which the Oil has been expreſs'd, and with a little * 
White of an Egg, work it well into a Paſte, and it will be ſufficient; for if — a 
you put this in betwixt the Cucurbit and the Alembic, and Jute with it the 
juncture of the Roſtrum of the Alembic, or the Retort, with the Receiver, it 
will grow hard with Heat, and if it cracks, may be mended by an addition of more 
of the ſame. And in the diſtillation of all fermented inflammable Spirits, and 
volatile, alcaline, and alcoholiſated Salts, the fame Flower will ſerve if it is 
well work'd with clean cold Water. Gs | 

But in the diſtillation of Acids, either acetoſe, or other, this Lute won't do, For aceto 
becauſe in this caſe it will be corroded, diſſolved, and ſoften'd, and thus will ſuf- Liquids. 
fer the Spirits to eſcape. For this purpoſe then, you may take an Ox's or 
Hog's Bladder that has been macerated in Water, *till it begins to grow glu- 
tinous, and, as it were, ſemi-putrid, and faſten it round the juncture, and it 
will anſwer the end excellently well. | | . 

But again, when with a very ſtrong Fire you diſtill the corroſive acid Spi- ror fo 
rits of Vitriol, or foſſil Salts, you muſt then have a Lute, which after it is ap- Ac and 
plied, will harden like a Stone; and hence this has been called the Lutum Fa- — 

pientiæ. You make it beſt in the following manner. Take the Colcothar 
that remains after the diſtillation of Oil of Vitriol, and boil it in Water, which 
renew till the laſt does not appear to be at all ſalt; and then let it be dried, 
and kept carefully in a cloſe Veſſel. When you want your Lute, take ſome of 
this ſweet, dry Colcothar, and rub it well with an equal quantity of the 
beſt Quick-Lime, and then with a little beaten White of an Egg, work it 
preſently into a Paſte, and apply it immediately to the juncture of the Veſſels, 
which muſt be dry, and ſomething warm. This Paſte then will very ſoon 
dry, and harden like a Stone, and like Glaſs is capable of confining any 
Salts. Without all this trouble, however, I prepare a Lute of the ſame na- 
ture, in the following manner. With a quantity of Potter's Clay, I mix fo 
much of the pureſt Sand, that the Maſs, if it is work'd with Water, won't 
ſtick to the Fingers any longer; and to this I then add a fourth part of com- 
mon Maſon's Lime, ſo as to reduce it to a pretty ſtiff Paite. And the drier 
this is when it is made uſe of, the better, if it does but remain ductile: When 
this then is applied to the junctures of the Veſſels, it grows hard, and excellent- 
ly anſwers the purpoſe. If in a very intenſe Fire it ſhould happen to ſplit in 
the diſtillation, the crack may be ſoon made good again with ſome of the fame. 
It has this convenience too, that it may be eaſily procured, whereas good 
Quick-Lime is ſometimes difficult to come at. 3 
| „ | But 
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coating of But in diſtillations, particularly in the hotteſt Furnaces, where the Veſſels are 
Veſſen. red hot, it ſometimes unluckily happens, that when you throw in new Fuel, 
either the cold Air, or the coldneſs of the Matter thrown in, ſtrikes upon the 
Surface of the red hot Veſſel, which then eaſily flies, and burſts aſunder. 
Hence it is abſolutely neceſſary, that theſe Veſſels ſhould be coated over with 
* ſome proper Matter, in order to ſecure them from the ill effect of this ſudden 
Cold. And this muſt ſometimes be done likewiſe, when you diſtill with glaſs 
: Veſſels in the ſtrongeſt Sand-heat, where the Glaſs is ready to melt; for by 
this means the Glaſs will be fixed as it were by this Cruſt, and be prevented 
being put in fuſion. In order to make this in the beſt manner, take ſome 
Potter's Clay and Sand, reduce them to a Powder, and with ſome Water work 
them thoroughly into Paſte, that isno longer tenacious, and then at laſt add a 
little Maſon's Lime, and mix them well together. When you uſe it, warm 
your Veſſel, hold it over the Vapour of Water, that it may be ſlightly moiſten'd 
all over; then cover it intirely with this Paſte, and by working it with your 
hands, reduce it every where to ſuch an equal thickneſs, as you ſhall ſee con- 
venient: This being done, ſprinkle it over with hot dry Sand, and then ſet it 
by in a cool place, that the Coat may dry very ſlowly. If it ſhould happen 
to get any cracks whilſt it is drying, they may be ſtopp'd up with the ſame 
Matter. When theſe Veſſels are prepared in this manner, they will bear a very 
intenſe Fire. | | 


| Of Furnaces. 
VariousFur- There is now, Gentlemen, but one thing more left to finiſh our Theory of 
naces. Chemiſtry, and that is, a ſhort conſideration of Furnaces, which we ſhall now 


proceed to. And here we don't propoſe to deſcribe all the Furnaces made uſe 
of in the management of Metals: Nor, indeed, is this neceſſaty, ſince what the 
incomparable George Agricola has done upon this head is ſufficient, who has ex- 
plained: this matter in the moſt elegant Stile, and illuſtrated it with very accurate 
Cuts. If you will conſult John» Rudolphus Glauber too, upon Furnaces, you 
will find ſome particular contrivances for rendering ſome of the ruder Opera- 
tions of Chemiſtry more eaſy. Of theſe things, therefore, I need ſay nothing. 
But it's my deſign here to explain to you thoſe Furnaces, which a perſon will 
have occaſion for, who has a mind to exerciſe himſelf in the practical part of 
Chemiſtry, according to the method of our proceſſes. | 
The end A Furnace, then, is a Machine, by means of which, the Fire may be con- 
they anſwer. tained, confined, and applied to the Veſſels, in which the Matter to be chang'd 
by the Fire 1s expoſed to it. In a Furnace, therefore, in the firſt place, there 
is required a Focus, or Fire-place, in which the Fire may be, lighted, kept up, 
and determined. And as the Fire, which muſt be fed with proper Fuel, re- 
' quires a Chimney to carry off its Smoke, and a Draught for the Air, and a 
Door to throw the Fuel in at, it appears in what manner theſe ought to be 
| contrived, In the ſecond place, in building a Furnace, we ought particularly 
to take care, that the direction of the Fire be ſo managed, that it ſhan't ſpend 
itſelf to no purpoſe, but ſhall be determined towards that part where we have 
occaſion for it. And.in the third place, it muſt be ſo built, that the Veſſels 
containing the Bodies to be operated upon, may be ſo conveniently diſpoſed, 
as 


Theory of the ART. 
as to be equably affected with any degree of Heat neceſſary, till the Opera- 
ration 1s compleated. 

That Furnace, therefore, will be beſt in its kind, which will perform the The quality 
deſired effects, with the leaſt Expence, for the longeſt Time, and with the The beſt 
greateſt Equability, and be managed with the leaſt trouble and attendance of * 
the Operator. The firſt of theſe ends will be anſwered, by contriving it in ſuch 
a manner, that the whole Heat of the Fire, without any loſs, may be apply'd 
to the Body under Examination. This will be obtained by building the Fur- 
nace of ſolid Materials, and forming the internal Surface of ſuch a figure, as is 
proper to determine the ſtrength of the Fire to the place deſigned : And this 
contrivance will have this advantage too, that the frequent attendance of the 
Perſon that keeps up the Fire will be leſs neceſſary. The ſecond end will be 
anſwered, by chuſing out ſuch Fuel as will conſume as ſlow as poſſible, ſo that 
it will but, at the ſame time, keep up ſuch a Heat as is neceſſary for the Ope- 
ration. And this is effected in particular by obſerving a proper proportion be- 
tween the Fire-place, the Chimney, and the Air-holes: Upon which Princi— 
ples, your ſkillful Operators will at once lay on ſuch a quantity of Fuel, as 
will laſt for a very conſiderable time. The third circumſtance, however, is 
the moſt neceſſary of all, viz. That the Fire may be kept up to the ſame de- 
gree, without any increaſe or diminution of its ſtrength, For it appears by 
chemical Obſervation, that a determined degree of Heat produces upon every 
Body a certain effect; and hence, when the action of it grows either ſtronger 
or weaker, the effect will be different from what it was before. For this rea- 
ſon, therefore, there often ariſes a confuſion among our chemical productions, 
when in the ſame Operation, we promiſcuouſly make uſe of a greater or leſs 

degree of Heat. And beſides, it is particularly to be obſerved, that ſuch a 
variation of the Fire, makes Bodies of quite another diſpoſition, with regard 
to any particular degree of Heat: For if in two chemical Operations, we make 
uſe of the ſame Fire, but let the degrees of Heat ſucceed each other in a dif- 
ferent manner, we ſhan*t be able to produce the ſame things from the very 
ſame Body; which has often prov'd a very detrimental error. In building of 
theſe Furnaces, therefore, the Workman muſt always conſider firſt the quantity 
of Fire, which the Fire-place of the Furnace muſt receive, contain, and keep up. 
Secondly, the kind of Fuel to be made uſe of to anſwer the purpoſe ; upon 
which head, you may conſult what has been laid down from p. 168, to 214. 
In the third place, he muſt have a regard to the ſtrength of Fire neceſ- 
ſary for every particular chemical Operation: For the very ſame quantity, of 
the ſame Fuel, in the ſame Fire-place, may produce ſuch various Heats, that 1 
by means of it, every intermediate degree, from the gentleſt to the moſt in- 1 
tenſe, may be excited and continued: In the fourth place, therefore, he muſt 
always have a particular regard to the eaſy acceſs of the Air to the Fire- place; 
and ſhould take into his computation too, the ſtrength with which the 
Air tends to the Focus, either by Blaſt or Draught. Nay, and he ought to 
conſider too, the various ſtates of the Atmoſphere, with regard to Heavineſs, 
Lightneſs, Moiſture, Dryneſs, Heat and Cold: For when the Barometer is 
higheſt, and it freezes hard, and the Air is dry at the ſame time, the ſame 
Fire will burn brighteſt and ſtrongeſt. But in the fifth place, he ought above 
all to attend to the courſe of the Fire that is kindled in the Fire- place: For if 
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there are any large paſſages, by which it can make its way out into the Air, 
it will be diſſipated, and loſe its ſtrength 3 whereas, if its united action is de- 
termined to that particular place where the Operator wants it, it will beſt of 
all anſwer his ends. Theſe, then, are the fundamental Principles upon which 
depends the juſt conſtruction of Furnaces. I ſhall, now, therefore, proceed to 
deſcribe thoſe Furnaces which I here make uſe of before you, and which a Per- 
ſon ought to have in his Elaboratory, if he wou'd be furniſhed with ſuch as 
may enable him to perform all the Operations of Chemiſtry. To begin, there- 
fore, with the moſt ſimple, which I contrived for my own uſe above forty 
years ago, when I was making great numbers of Experiments in a Study not 
very large, and that had but a ſmall Chimney, for which I had occaſion for a 
good many Furnaces. ET 
The men This then is made in the following manner. With the belt and drieſt Oak a 
fimple Fur- hollow Priſm is formed upon a ſquare Baſe, 9 inches broad, and 14 inches 
Þ wi, high. Within this there is fixed a ſquare Partition made of the ſame Wood, 
and an inch thick, which muſt be placed 5 inches from the bottom, and will 
by this means divide the Furnace into two parts, the lower of which will be 
5 inches high, and is the Focus or Fire- place; the upper 8 inches, in which 
are placed the Retorts, or Cucurbits, for diſtillation. This middle Partition, 
which repreſents a kind of Diaphragm, has in the middle of it a round Hole of 
5 inches diameter, in the hollow of which may be placed the round bottom of 
the Cucurbit, or Retort. And this too has four more round Holes in it, of 
an inch diameter each, that the Heat may riſe out of the bottom-part into 
the top. The Fire-place has on one fide a Door with Hinges, which is as big 
as the ſide of the Fire-place, viz. 9 inches wide, and 5 high, that it may be 
opened at pleaſure, or ſhut cloſe as there is occaſion. The whole internal Sur- 
face of the Fire-place is lined with thin. Plates of Iron or Braſs, that ſo the 
Wood may be in ſome meaſure defended from the Fire. The Door likewiſe 
has four round Holes in it, each an inch in diameter, for the free admiſſion of 
the Air into the Fire-place, to which there are fitted four cylindrical Stoppers, 
by the help of which you may let in more or leſs Air, as you find it neceſſary. 
And here the Carpenter muſt be particularly careful, that the Door be made of - 
very dry Wood, and ſo fitted, as to ſhut the Fire- place up exceeding cloſe. 
As for the upper part of the Furnace, the ſide contiguous to the Door below, 
has a Hole cut out in the middle of it, and reaching to the top, which is 4 +; 
inches ſquare. On the inner edge of this Hole, the Wood is cut away all 
round to the breadth of half an inch, and to half the thickneſs of the Board of 
which the Furnace is made, and then on every ſide there is faſtened a ſlip of 
Wood in ſuch a manner, as to form a groove with that hollow. There is then 
cut out of the ſame Wood a Board an inch thick, and exactly of the ſame 
ſize with the Hole cut in the fide, but that has likewiſe on its inner part a 
rim on all three ſides, half an inch broad and thick, in order to ſlip into the 
groove formed on the edge of the Hole, that thus this Board being every way 
ſecured, may ſhut up this Hole exactly, when you have a mind co diſtill in a 
Cucurbit, digeſt in a Bolthead, or exhale in an open Veſſel, and be re- 
moved again when you want to diſtill in a Retort : For which purpoſe you 
muſt have another piece made exactly in the ſame manner as the former, but 
only with a circular Hole in the middle of it, of 2 inches diameter, to tranſ- 
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mit the Neck of the Retort. The top of the Furnace conſiſts of two folding 
Doors, which in their middle are cut out into an orbicular Hole of 5 inches 
diameter, to let through the Cucurbit, or Neck of the Bolthead: And laſtly, 
there is a round wooden Cover made fit to this Hole to ſtop it cloſe, when you 
diſtill wich a Retort. When you want to ſet it to work, take a ſquare earthen 
Pan with 3 feet, + an inch high, whoſe bottom muſt be plain, and its ſides 
on the outſide 34 inches wide, and the height of the whole Pan, from the 
bottom of the feet to the edge of the Pan, 3 inches and a half. On the bot- 
tom of the Pan, ſpread lightly ſome ſifted Aſhes to the height of a quarter 
of an inch, and then upon this lay a Live-coal of Dutch Turf, perfectly red 
quite through, and not at all ſmoaky ; and then this, if it is lightly ſprinkled 
over with the ſame ſifted Aſhes, will keep up ſuch an equable Heart for near four 
and twenty hours, as the human Body is capable of bearing. But here you muſt 
take notice, the thinner the Coal is covered with Aſhes, the greater will be 
the Heat, but then it won't laſt ſo long. In this Furnace, now, you have 
neither Smoke nor Smell. And it maintains ſuch a very ſoft equable heat, that I 
can't think but that Eggs might be hatched in it. But in this too we can raiſe 
as great, nay and greater degree of Heat, than that of boiling Water. In this, 
therefore, conveniently, ſafely, and with little expence, may be performed all 
Digeſtions, ciſtillations of Waters, ſpirituous Liquors, volatile alcaline Salts, 
and all volatile aromatic and oleoſe Salts, as well as all Preparations of Tinc- 
tures. All exſiccations, and exhalations for the formation of Chryſtals, may 
be affected here likewiſe, Nay, after Glauber's manner, I have prepared in it 

Spirit of Nitre, and Spirit of Salt, to the great ſurprize of an old experienced 
Chemiſt. This therefore I call the (Furnus Studioſorum) Student's Furnace. | 
But when you want a Furnace that will yield a greater Heat for diſtilla- Sc, Fur- 
tion in Sand, then the following ſeems to me the beſt fitted for this purpoſe: © 
And as the portable ones have this convenience, that they leave the common Fire. pi. xy. 
place free, I'll deſcribe one of that ſort. With a very thin Plate of Iron, make 

a hollow Cylinder 17 inches in diameter, and 19 inches high. Let the bottom 

be cloſed with a Plate of the ſame kind, and the top be open. Let it be ſup- 

ported at bottom with 3 iron Legs 12 inches long, and let the inſide of the 
bottom be covered with a copper Plate, that the Salt of the Aſhes mayn't too 

ſoon eat away the Iron. Within the Cylinder, you muſt fix a Grate parallel 

to the Baſe, whoſe upper ſurface muſt be 4 inches above it. Let this Grate 
be ſurrounded with a thin Rim 3+ inches broad; and let the Bars be = an inch 

ſquare, and ſtand an inch from one another; or let the diameter of the cir- 
cle of the Grate be. ſo divided as to place fix ſuch iron Bars in it. This 
Grate 1s placed within the iron Cylinder at 4 inches diſtance from the bottom, 
where it muſt have three pieces of Iron ſtanding out to ſupport it. Let your 
Door then to this Aſh-hole be 4 inches high, and 6 wide, and made to fit 

| nicely, that it may ſhut it up very cloſe upon occaſion. Three inches above 
the upper ſurface of your Grate make the opening of your Fire-place, which 
muſt be 6 inches wide, and 4 and a half high. With the Foci then 15 inches 
diſtant, and a perpendicular from the Focus to the Circumference of 5 inches, 
deſcribe an ellipſe; and then by this make a ſolid wooden Semi-ellipſe, cut off 
at the Foci; by which mode] you muſt ſhape the internal ſurface of your Fur- 
nace, which muſt be built with Bricks, ſo diſpoſed, as to form ſuch a 2 

| | ſurface, 
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ſurface, and ſo contrived, that the edges next the internal part may come as 
cloſe to one another as may be, ſo as to leave but ſmall ſpaces, which muſt 


be filled with Mortar made of Lime and Sand. But before the Bricklayer 


can do this, you muſt have a Stopper made to the Fire- place. This muſt 
be made of a plate of Iron, the ſame of which you make your Furnace, and 
with the ſame cylindrical ſurface. As for the ſize of it, it muſt be made in 

ſuch a manner, that when it is applied to the opening of the Fire- place, it may 
reach an inch beyond it on every ſide, that it may thus intirely cloſe it up. 

Upon this Cover, then, you muſt erect a hollow Segment, cut out of this Cylin- 
der to the ſize of the opening of the Focus, the ſides of it tending towards 
the center of the Cylinder, and the top and bottom being parallel to the Baſe 
of the Furnace, that the internal ſurface of this Stopper may be made to 
anſwer to the concave, elliptical figure of the Furnace, Let the Bricklayer, - 
then, fill this hollow with Brick and Mortar, and ſo form and ſmooth its 
internal ſurface, that when it is fixed in the hole it may make one continued, 
uniform figure with the ſurface of the Furnace, When this is made, build 
your internal Furnace with Brick and Mortar, in the manner betore directed, 
At the upper part of the iron Cylinder, and on that part which is near to the 
door of the Furnace there muſt be a Segment cut out, 3 inches broad, and 
2 deep, that the Neck of the Retort may be placed there in a declining po- 
ſition, when you have occaſion to diſtill in ſuch Veſſels. And laſt of all, in 
the upper part of the Furnace an Iron Pot muſt be ſo firmly fixed in with 
Mortar betwixt the Bricks, that the Fire ſhan't be able to make its way through, 
but at the ſame time, about the edge of the brick-work, at top, there muſt 
be left 4 holes, ſhap'd like a Half-Moon, an inch broad, and two inches in 
curvature, which may ſerve as a vent for the Smoke and Fire. A Furnace 
built in this manner is fit for diſtillation with a Cucurbir, Retort, and 
Bolthead, and as it is portable, it is convenient for a great many purpoſes. 

The third Furnace which an Elaboratory cannot be without is a Balneum 

Marie. This conſiſts of the fame Furnace as the preceding, except that 
the ſurface of the Grate is only 8 inches diſtant from the bottom of the braſs 
cylindrical Veſſel, The braſs Veſſel which is for the Bath, and is ſet with 
Mortar within the upper part of the Furnace, is 12 inches deep. This is of a 
cylindrical form, and at the top has a horizontal Rim an inch broad, by which 
it reſts upon the top of the Furnace, and above that, another of the ſame 
breadth riſing perpendicularly, There is then another Veſſel made, in ſuch a 
manner, that when it is placed within the former, it may ſtand an inch diſtant 
both from its bottom and ſides, and may reach 5 inches above the top of the 
furnace. At 12 inches diſtance from its bottom, this Veſlel has a rim on its out- 
fide, which runs a. little declining, and when it is juſt broad enough to cover 
the aperture left between the two Veſſels, is turned perpendicularly down- 
wards, that it may be received exactly within the erect, perpendicular Rim of 
the former, and thus the cavity between them may be perfectly cloſed. In 
the broad, lateral Rim of this Veſſe] there is a hole made for pouring Water 
into the Bath Veſſel, that by this means it may be contained betwixt that 
Veſſel, and this internal one. The Neck of this ſecond Veſſel receives into it 
an Alembic, whoſe Roſtrum may be inſerted into a Tin Worm, in a Re- 
trigeratory, To this likewiſe may be fitted that fort of Alembic, which is pro- 
duced into a tall, cylindrical Tube, and then turned down again, for the 
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diſtillation of Alcohol, which we have already deſcribed. And laſtly, there 
may be made a Cover to the Bath Veſſel, to fit into the perpendicular Rim, as 
the former did, and cloſe it in the ſame manner. And the Neck of this Cover, | 
too, may admit an Alembic, in order to diſtill with a Worm. This Furnace, 
then, thus compleated, we may make uſe of firſt, for the common diſtillations 
of all Vegetables with Water; and of all Reſins, Balſams, and Gums with 
Water, into their eſſential Oils. Secondly, for diſtillation of Vinegar ; and 
very conveniently for diſtilling any thing whatever either in Balneo Vaporis, or 
Maris, in any determined degree of Heat, as far as the degree 212. And 
thirdly, this is of excellent ſervice in the preparation of Alcohol at once, with 
a good deal of eaſe, and in a large quantity, which otherwiſe requires ſo much 
Time, Fire, Labour, and Charge. For theſe reaſons, I have in Plate XV. 
given you a very exact deſcription of it, with its whole Apparatus. 

But there is ſtil] wanting a Furnace, in which may be raiſed a very intenſe pourth Fur- 
Heat, for fuſing Bodies that require a very ſtrong Fire. And this is beſt mee. 
built in the following manner. In the firſt place, let there be raiſed a ſtone pi. xv1. 
Baſe, arched at top, and 3 feet high; for this Furnace muſt have the Door 
of the Fire-place at ſuch a height, that the Operator may look into it as he 
ſtands upright. Upon this Baſe let there be raiſed an Aſh-hole 5 inches high, 
and over this a Grate, with Bars almoſt an inch thick, and near an inch from 
one another. Let the Baſe of the Aſh-hole, and the Grate above, be of a cir- 
cular figure, and 12 inches in diameter, and above the Grate let the Cylinder 
be continued to the height of 6 inches, Upon this Cylinder let there be erect- 
ed a paraboloid Cone, whoſe Axis muſt be 8 inches, and loweſt ordinate 6, 
whence its Parameter will be 4 inches and a half, and its Focus one inch and + 
from its Vertex. When this Paraboloid is built to 6 inches height above its 
cylindrical Baſe, raiſe a cylindrical Chimney over it 2 feet high, whoſe diame- 
ter will be 3 inches. In the fore part of the Fire-place 2 inches above the 
Grate, let there be a door 5 inches wide, and 6 high, and arched above with 
the arc of a circle of 12 inches diameter. At an inch diſtance above the arch 
of the door let there be a conical hole in the Furnace of 2 inches aperture, 
that you look down through it into the Fire-place if you want to ſee whe- 
ther the Matter is melted in its Veſſel; and make a Stopper to put in or take 
out of this hole at pleaſure. This Furnace muſt be built of very good Bricks 
and Mortar, its walls muſt be 5 inches thick, and its internal ſurface muſt be 
ſmooth' d over with very dry Lime. This, when it is once hot, raiſes a prodigious 
Fire, eſpecially in the middle of the Axis, and the upper part, as is demonſtrat- 
ed geometrically with a geat deal of eaſe. The iron door muſt be let in ſo as 
to ſhut very cloſe; and the bottom of the Aſh-hole muſt be a plate of Iron, 
that if any thing happens to fall through the Grates it may readily be come 
at again. 

But a chemical elaboratory muſt be ſtill furniſhed with another Furnace for Fifth Fur- 
the diſtillation of acid Salts, from Nitre, Sea-Salt, Fountain Salt, Sal- Gem, we. 
Vitriol, Copperas, and Alum. This then, after having tried various forts of pi. xviI. 
them, we build after the following manner. Upon the pavement under the 
Chimney let there be erected a Parallelipiped, the breadth of it in the front 
20 inches, and length 38; and the breadth of its cavity in the front 12 inches, 
and its length 22; whence the thickneſs of the Wall is evident. Let this Pa- 

Uuu rallelipiped 
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Elements of CH ERM ISH Rx, Part II. 


rallelipiped be raiſed 11 inches high. In the middle of the front let there be 


an opening carried from the Pavement 11 inches high, and 4 broad, round 
the edge of which let the brick- work be let in a little, that a door, made of 
an iron plate may be received into it, when you want to ſtop it cloſe: This is 
for the Aſh-hole, and draught to the Furnace. Here, inſtead of a Grate, let 
there be fixed ſome priſmatical iron bars, an inch ſquare, 14 inches long, and 
an inch diſtant from one another, and let them lie parallel with the breadth of 
the Aſh-hole. Upon the upper hollow of the Parallelipiped let there be de- 
ſcribed an Ellipſis, whoſe Foci muſt be 22 inches diſtant, and tranſverſe Diame- 
ter 12, and then the breadth of the Fire-place at the beginning and end will 
be nearly 10. With this elliptical Figure then let there be a cavity formed, 
within 4 inches and a half deep, and let the external parts be compleated in a 
parallelipipedal form. In the front Wall, directly over the Aſh-hole, let there 
be an opening into the Fire-place, 7 inches broad, and q high; and let this 
Hole have its lower edge declining inwards 1 inch and a half, and have an iron 
Door made exactly to fit it. Let the lower part of the Door be 3 inches 
above the upper part of the Aſh-hole. In the other longer ſide there muſt be 


an arched aperture, whoſe lower limb muſt be placed 10 inches above the 1 


Grate. The length of this Limb muſt be 20 inches, its height 12, and the Arch 


muſt be an Ellipſe, whoſe Foci are 20 inches diſtant, and has a tranſverſe 


Diameter of 24. At this aperture are put in the long Necks. On the inſide 
of the Wall, oppoſite to this aperture, and 9 inches above the Grate, there 
muſt be raiſed a Ledge of an inch and a half breadth for the Veſſels to reſt 
upon during the diſtillation ; and in the middle of the ſame Wall at top 
there muſt be a ſquare Hole for a Chimney, 3 inches broad, and 2 high. 
This being done, you muſt build the uppermoſt elleptical arch of your Fur- 


nace, whoſe vertical point muſt be 21 inches diſtant from the Grate ; the Axis 


of the Ellipſe 22 inches, and its tranſverſe diameter 10. This Arch, therefore, 
will be formed by the rotation of ſuch an Ellipſe about its Axis, ſuppoſing this 
to be 16 inches from the Grate, When you diſtill in this Furnace, you take 2 
Long-necks, 11 inches high, 9 wide, with cylindrical Necks 5 inches long, 


and 3+ diameter, and place them horizontally, and parallel, ſo that their 


Other Fur- 
Naces. . 


bottoms ſhall reſt upon the Ledge in the oppoſite Wall, their mouths being pa- 
rallel to the aperture they lie in. With Bricks, and Mortar, then, you cloſe 
up intirely the whole aperture; and to the mouths of the Long-necks apply a 
cylindrical Tube, and to that a Receiver. With ſuch a Furnace as this you 
may raiſe an incredible heat. It is ſafe, and eaſily managed; and makes the 
Fire exert all its ſtrength upon the diſtilling Matter alone; and by means of 
the Aſh-hole, it is eaſily regulated. 1 
The aſſaying Furnace is ſo plainly deſcrib'd by the induſtrious, candid Laza- 
rus Erker, that there is no room to add any thing upon this head; and a very 
accurate cut of it you may ſee in George Agricola. 
And as for the Furnace with the Yefica, Alembic, Worm, and Refrigatory 
that is too well known to need any deſcription, I may now, therefore, dit- 
miſs this ſubje& too, and thus put an end to the firſt and ſecond part of 
theſe Inſtitutions. — 
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The Explanation of the PLAT Es. 
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AB, CD. Two cylindrical iron Rods three feet FOR 


E. A Ring with a handle F, whoſe cavity URS exactly the thickneſs of 
both Rods when they are cold, 
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4 F 16. 2. 


AC, BD. Two parallel Plates, divided into very ſmall equal parts, 
AB, CD. Two parallel Plates, which may be moved up and down by 
means of two Grooves, in AC and BD. 


EF. The iron Rod to be meaſured when it is cold, and after it 1s heated. 


Fic. 3. 
AB. A braſs Ruler divided into very ſmall parts. 
BC. Another, perpendicular to the Grice as at B, graduated with very mi- 
nute, and equal diviſions, | 
AD. A third fixt upon an Axis at A, ſo that it may move upon the Ruler 
BC, and by this means may give you the number of parts upon BC, 
that the Rod made red hot, and ſet upon a certain point of AB, will ele- 


vate the Hypothenuſe AD, higher than it did when 1 it was cold, and plac'd 
upon the ſame point. 
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PIATE I 
Fic, 1. 
ABDC. The common Thermometer of Drebbelius. 


A. Its hollow Sphere. 


BD. The Neck full of Air to D, with which the Sphere is filled likewiſe. 
DC. That part of the Neck that is filled with a colour'd — 
E. A Veſſel containing the ſame Liquor. 


\ 


Fi6; 2. 


Ah DC, EF. A Thermometer of Drebbelius, more ſenſible than the 
former. 


ABCD. An anterior view of the ſame, 


/ 


Fic. 3. 
ABCDEF. The ſame ſeen ſideways z that the Segments of the Sphere of 
which the upper Cavity is formed, may come in view. 


Uuu n PLATE Ill. 


Explanation of the PLArRS. 
PLATE Il, 
: P36 | 
A. A ſmaller Sphere, in which the contained Fire expands itſelf equably, 


B. A larger Sphere concentric. to the former, and including it, into 
which the Fire diffuſes itſelf equally out of the other. 


Fs. 2. | 


AFIG, BDIE. Two equal Spheres touching one another in the point I. 
CD. A right Line drawn from the Center C, of the firſt Sphere, which is 
a Tangent to the other at D. 


CE. A right Line drawn from the ſame Center C, touching the ſecond 
Sphere at E. | 
CFG. The Sector in which is contained that part of the Fire in the Sphere A, 
that may be equably communicated to the Sphere B, the proportion 
of which being found to the whole Sphere, ſhows what quantity of 
Fire thus equably expanding itſelf from the Center of one Globe can 
fall upon another of the ſame Magnitude in contact with it. 


Fis. 3. 

A, B. Two Spheres equal to the former, and in contact. 

C. The Center of the Sphere A. EY 

D. The Center of the Sphere 3. X 

K. The point of contact of the Spheres. 

CKD. A right Line joining their Centers. 

EG. A Line parallel to CKD, touching both Spheres. 

FI. A Line parallel to EG, touching them both likewiſe, 

EFGI. The Cylinder through which all the Fire of the Sphere A being 
directed in parallel Lines, falls intirely upon the Sphere B; which there- 
fore collects all the Fire that was before diffuſed through the whole 
ſuperficies of the Sphere A: Whence the Fire will be four times denſer - 
in the Circle GDI, than it was in that Superficies, | 


. 


Explanation of the PLATEsV. 
PLATE IV. 
Fro, 1. 
ABCD. A hollow Cylinder made of Iron Plates, and open at both ends, 


which is the Fire-place of the Machine. 

BD. Its lower aperture where it communicates with the other Cylinder, by 
maeeans of a Grate. 
EFG. A hollow Cylinder made of the ſame Iron turn'd up at F, ſhut at E, 


and open at BD, where. the Grate is, and at G, where the inviſible 
Smoke paſſes out. 


Fic. 2. 


ABCDEF. A hollow Parallelipiped open at ABCD, in which the Fire- place 
is at ILKM. 


ILKM. The Grate of the Fire. place, upon which is laid the combuſtible 
Matter. 


EM. The place under the Grate into which the Flame and Smoke are de- 
preſſed as ſoon as ever the Tube OGH grows very hot. 
NO. The aperture, which is here ſquare, but may likewiſe be made oval as 


in the Text, If it is made ſquare, it muſt be a little narrower than KM, 


if elleptical, its Diameter muſt be of that length. 
NOGH. A hollow Tube of the ſame Iron, either parallelipipedal or elliptico- 


cylindrical, as in the Text, open under the Grate at NO, and at the 


top H. 


Fe. 3. | 
ABC. The biggeſt Glaſs-Receiver I could get, open at C. 


AB. The bottom of it cut out in a circular form, and therefore open there 


00. 


D. A braſs Cylinder i in which the Liquor being fer on fire gives the Flame 
H, confined under the Bell, 


517 


EFG. Three Bricks which the Bell is ſet upon, that the Air may have free 


admiſſion to it underneath. 


F 16G. 4. 
ABC. A glaſs Veſſel, as before. 
E. A Pan with a live Coal. 


D. 2 _ Diſh, in which the Alcohol burns, the Diſh ſtanding upon the 
oa 


F. G, I. Three Bricks on which the Glaſs ſtands. 
II. The Flame of the Alcohol ſet on Fire under the Bell. 


PLATE v. 
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Explanation of the PlaTzs. 


FIG. 1, 


ABC. A Thermometer fixed to the board DEFG by the braſs rings M,N,O. 


DEFGHIKL. A wooden Machine made to ſtand upon a table with the 
Thermometer. | 


PQ. A veſſel in which the Bulb of the Thermometer may be placed, and 


then any liquors, you have a mind to make trial of, may be poured'in ſuc- 
ceſſively and mixed together. | 


| Fis. 2. 
ABC. Fabrenbeit's firſt Thermometer, which by the dilatation of the tinged 
ſpirit indicates the increaſe of the heat of the Atmoſphere. 
AB. Its Bulb, which in the greateſt obſerved natural cold contained 1933 
parts of tinged ſpirit, of which the Pipe BC contained 96. 5 


BC. A Pipe produced from AB and by a Scale fixed to it divided into 96 


equal parts, that the ſpirit when it dilates, and aſcends, may diſcover the 
augmentations of Heat. 


FI d. 3. 


ABC. Fabrenbeibs ſecond Thermometer meaſuring the increments of Heat 
in the Atmoſphere by the dilatation of Mercury. | 


AB. Its Bulb, which in the greateſt obſerved natural Cold contained x 1520 
parts, of which the Pipe BC contained 96. | 


BC. A Pipe produced from AB, and divided by a Scale into 96 equal parts, 


by which the Mercury when it aſcends determines the increaſe of Heat. 


Fis. 4. 


AB. Fabrenbeit's third Thermometer to meaſure the Heat of the Human 


Body. 

a A clear glaſs Tube, perfectly cloſed hermetically, within which it is 
placed. 

DC. The Thermometer within, either by its tinged ſpirit, or Mercury, in- 
dicating the increments, or decrements of Heat, 

DE. Its Bulb. 

EG. Its neck. . 

EF. The fluid in the neck, by its aſcent pointing out the Heat, by its de- 

ſcent the Cold. 6 

EFG. A paper divided into equal parts or degrees. 

This Thermometer being held a good while under the arm, upon the breaſt 
oder one's clothes, or in the mouth, will determine the Heat of the Body 
at that time. 


PLATE VI. 


Explanation of the Plates, 


PLATE VI. 


ABCD. A braſs Plate hollowed at vxyz that the Bulb of the Thermometer 
may be let into it. 
EF. A Thermometer made with Mercury in ſuch a manner, that in the 
reateſt obſerved natural cold the Mercury may ſtand at I, and in the heat 
of boiling Mercury at F. 
GE. The Bulb of the Thermometer. 


GF. The pipe of the Thermometer divided by means of the braſs Plate 


into 600 equal parts, which in this ſhort Figure cannot be all repreſented 


diſtin&, and therefore here we have divided it into . portions IK, 


KL, LM, 9c, each containing 65 of ſuch equal parts 

G, H. Two braſs Semi-circles by which the Thermometer is ſo fixed to the 
Plate, that you may take it off whenever you pleaſe. 

abcd. A braſs veſſel, into which the Thermometer may be put when taken 
off of the plate, chat the heat of the Liquor to be examined, whilſt it 


boils in this Veſſel may be marked upon the neck GE, which then being 


applied to the Scale, will give you the degree deſired, 


FIG. 2. 
A. A hollow cylindrical Veſſel open at a, quite full of water, but its mouth 
covered with the paper D, which is then inverted without any Water 
running out. The ſame Veſſel covered in the ſame manner, and lying 
horizontally, without any Water running out. 


B, B. Conical Veſſels, with which the Experiment ſucceeds in the ſame 


manner, as it does likewiſe in 
C. A ſmall Bolthead. 


PLATE VII. 
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Explanation of the PLATE 8. 


PLATE VI. 


FES. 1. | 
ABbc. A ſtrong glaſs Tube every where equally vide. 


AB. The longer Leg, ſome feet high. 


be. The ſhorter, 12 inches high, and nicely divided into lines. 
A. The Mouth at which the Mercury is poured 1 in. 
c. The extremity e ſealed. 


FI d. 2. 


2 ABC. A very ſmall Bolthead filled with Water and inverted. 
BC. The Bulb, at whoſe top C is contained the Air, which entering In 


the form of Bubbles aſcended and burſt aſunder. 

AB. The Neck, whoſe orifice A is 5 lines diameter. 

A, d, e, f, g, h. Bubbles, in which form and ſize the Air admitted into the 
Neck i is collected and aſcends, not mixing with the Water, but aſſociating 
into a 1 Body. ̃ 


Fo 35 
ABC. A Glaſs like the former, full of Water, and inverted. 
BC. The Bulb ſtill full of Water. 
BA. Its Neck, whoſe Mouth A is 8 lines in diameter. 


d, e. Large Air- bubbles, in which form and ſize the Air enters and aſcends 


without mixing with the Water. 


J 


55 Fi. PE 
ABC. The ſame ſort of Veſſel in a horizontal poſition, and full of Water. 


d, e. Large Air-bubbles, which continue | thus a good while i in the Water, 
without dividing. 


FI. 5. 


AB. A narrow glaſs Tube open at both * 
Ac. Water in which the part Ac of the Tube is immerſed. 
D. Water aſcending in the Tube —— 


PLATE VIII. 


Explanation of the PLAT 2's. 


PLATE VII. 


FIC. I: | 
A, B, C. Three glaſs Veſſels with Water of different ads of Heat. 
DHEI. The braſs Plate Joined to the Tube KL of the Air-pump. 
FGMN. The Bell that ſtands upon this Plate and covers the Veſſels 
A, B, C. from under which the Air is exhauſted by means of the Tube KL. 


| FIS. 2. 
? AB. A Agen glaſs Veſſel, with a plain bottom B. 


ſs Bottle, whoſe Belly C may be placed within he Cylinder AB, 


5s = mouth D. * reſt upon the bottom! B. 


Fd. 3. 


AB. A cylindrical hollow Veſſel open at A, with a plain bottom B, and 
filed with Water. 


BCD. A Funnel open at D, whoſe oper part ED is inſerted into the neck 
EG of the Bolthead EGF. 


EGF. The Belly and Neck full of Water. 


5 F1 6. 4. 
AB. A oaraletipipeda braſs Veſſel. 


B. A plain bottom, which at C has a cavity anpreſ in it, in which there 


1s placed a drop of Water not boiled. 
P. N conical glaſs Veſſel, whoſe baſe is ſo large that it can Gd the 
vity 1 


85 E. The Conoid plac'd over the drop of Water i in the cavity. 


32 


F. The fame lying upon its fide whilſt the Oil boils, that the 4 8 may 12 


expelled, and the Oil may enter. 


G. A lighted Candle, placed under the Ma: in which che Water lies 
. * under the Oil. 


Xxx PLATEIX. 
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Explanation of the Platts, 


\ 


FI O. 1. 


AB. A braſs Cylinder. 

B. A hole in AB, into which * Tube BCD was ſoldered. 

AE. A Cock fixed in AB, by which all the Alr might be let out of the 
upper part AF, as the Water roſe in the Cylinder, and which might be 
ſhut when that was perfectly full. 

BCD. A braſs, hollow, 5 0 880 Tube opening into the Cylinder at B, 
and open above at P, fo that the Cylinder AB might be fd with Wa- 
ter, by pouring it in at D. 


FI O. 2. 


AB. A ſteel Cone divided into equal ores 
CD. A hollow wooden Cone, which, when dry in a certain degree, would 
juſt admit the Cone AB within its 5884 


FI o. 3. 


ABCD. A cylindrical Veſſel made, as they call it, of double Glaſs. 
BCE. The Sony of the Veſſel riſing a little inwards in the middle. 
FGHI. The neck of the Veſſel, with the cylindrical Mouth HI, an inch and 
a half in diameter, 
KL. A Rim round the Mouth, for dropping out the Liquor, which would 
otherwiſe run down the ſides of the Neck. 


MN. A glaſs Stopper whoſe cylindrical part N is exactly ground to the 


Neck of the Veſſel HG. M. the Top of this, thick and flat. 
QROP. A Veſſel TITS for the more valuable Oils. 


Fic. 4. 1 
A, B, C. A Crucible and Veſſels made uſe of * fixed Bodies i in che Fire. 


PLATE x. 


\ 


Explanation of the PLA Es. 


PLATE X. 


Fi. 1. 

ABCDEF. The true figure of a diſtilling Veſſel, called a Cornute, or 
Retort. | | 
ABCD. A hollow Sphere, the Belly of the Retort. 
AF. A Tangent to the Sphere in the Vertex A. 
DE. A right Line parallel to the Tangent AF, drawn from the point D, 

where the Diameter parallel to that Tangent cuts the Sphere, 
Of theſe three forms, the laſt is the beſt. 


FI d. 2. 


ABC DE. A Veſſel contrived for the diſtillation of the moſt fixed Bodies, as 


Phoſphorus, c. 
Fe. 3. 


ABCDEFGH. A Long- neck to be placed horizontally in the Furnace, ſo 


that the mouth may be a little way out. 


IKLM. A hollow, cylindrical Tube, one of whoſe ends may be received into 


the mouth HG of the Long-neck, whilſt the other is inſerted into that 
of the Receiver ON, 


 ONPQ. A very large Receiver, which being placed horizontally receives: 


the extremity LM of. the cylindrical. Tube, 


Ss 5. LEI 
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Explanation of the PLA 788. 


PLATE XI 


FI d. r. 
ABCD. A Tin Cylinder 6 inches wide, ending in 


CDE. A Conical Tube 4 feet high, and an ck in diameter a at che ver- 
tex E. 


EF. A cylindrical Tube 4 feet long. and an i wide: 


FG. The fame praduced, that it wy be inferted into. the mouth of the 


Worm in the Refrigeratary. 


HIK. Holdfaſts to keep the aſcending and deſcending. Tubes tight toge- | 


ther. 
T his f is the Head uſed in the Didllation of Alcohol. 


Fic. 2. 


Glaſs Veſſels ſo contrived as to fit into one another, by luting which together, 
you may increaſe the diſtance between the diſtilling Veſſel and Receiver, to 
what * you pleaſe. 


F 1 O. 3. 


Fi d. 4 


A more n Pelican with two: Boltheads. 


PLATE MM 


. 
The whole Apparatus as uſed in diſtilling. 


ABCDEFGH. The earthen Long: neck placed horizontally in the Furnace. 


IKML, A hollow cylindrical Tube inſerted into the mouth of the Long- 
neck HG, and that of the Receiver ON. 


2 The Receiver. 
F190. 2, 
A chemical Vial, Bolthead, ar Matraſs. 
FI d. 3 


The biggeſt Receiver the workmen could blow, which ſort the Chemiſts now- 
a-days make uſe of, 


PLATE XIII. 


. Four ſmaller circular holes in the ſame, each an inch in diameter, 


Buplanation of the PLatys, 


PLATE XI. 


The Firſt Furnace. 


AB. One fide of the ſquare baſe 9 inches long, 

ABEF. The ſquare baſe. 

ACBD. The height and breadth of the priſmatical P which IS 14 
inches high. 

Al, BR. The h height of the Fire- place 5 inches. 

I. KM. The thickneſs of the partition 1 inch. 

LC, MD. The height of the upper cavity of the Furnace 8 nahen 

PP. A circular hole 5 inches in diameter cut out in the middle of the Parti- 


tion, in which is placed the bottom of the Cucurbit, Retort, or Bolthead, 


and whoſe upper edge is par'd away. 


made to tranſmit the heat from the Fire-place into the upper part of the 
Furnace... 


| fghi. A fquare hole cut in the upper part of the ſide BDHF, the ſame 


letters repreſenting: the ſquare board that fits into it, and is in the Plate 
placed on the ſide of it. 


fp, gp, kp, ip. The edge of this awed cut away to half its thickneſs, which 


is to be put into the hole g H, hD, when you diſtill with a Cucurbit. 
kl mn. Another ſquare board exadtly. like the former, but with a circular 
hole in the middle O, of 24 inches diameter, to be uſed warn you diſtill 


with a Retort. 


fg, hm. Each 5 inches. 
RSTU. The door by which the Fire-place 1s exactly cloſed up, which riſes 
to the middle S of the Partition KM. 


XXXX. Four round holes in the door, to let the Air into the Fire- place. 


Z. Wooden Stoppers to fit into thoſe holes to regulate the Fire. 

Cb Da, Gd Hc. Two folding Doors, which are ſo cut out in the middle, 
that when they are ſhut, they form a round Hole of 5 inches diameter tr. 
The Pan uſed in this Furnace, 

r. The Handle. | 

8, 8. The Feet. 


PLATE XIV. 
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Explanation of the PLATESG. 


PLATE XIV. 


Second Furnace. 


AC, BB. Iron Feet 12 inches long. 

CNOD. The bottom of the Furnace, being an iron Plate covered with a braſs 
one 17 inches in diameter. -: 

CGHD. A hollow iron Cylinder upon the Baſe CNOD, 19 inches high. 

ELMF. The Grate. conſiſting of an orbicular iron rim, and the bars in the 
middle y, which is ſupported by the bars E F, and is parallel to the 

baſe CNOD. „„ 1 | 

FL, MF. The breadth of the rim of the Grate 3+ inches, 

EC, FD. The diſtance of the Grate from the bottom. 4 inches. 

NOPQ. The door of the Aſh-hole, 6 inches broad, and 4 high. 

QR, PS. The diſtance of the door of the Fire- place from the upper part of 
the Grate 3 inches. 


RSTV. The opening into the Fire-place, 6 inches broad, and 4 high. 
ILKM. An Ellipſe whoſe ordinates at the Foci, LM IK are 5 inches long, 


from which is formed theelliptico-conoidal, internal ſurface of the Furnace, 


by the rotation of the wooden pattern be de, upon the axis cb. 


a. The Stopper of the Hole of the Fire-place ſeen ſide-ways. 
Z. The ſame ſeen from above. 

KHY. A Segment cut out for the Neck of the Retort to lie in. 
IKX, A Pot 10 inches wide, and 5 deep. . 


PLATE xv. 


Explanation of the Plates. 


Third Furnace. | 

Fr O. I. 
AB. The breadth of the Aſh- hole 10 inches. 
AC. Its height 6 inches. 
EC. Irs thickneſs 1 inch. 
EI. The diſtance of the bottom of the Veſſel from the Grate 8 inches. 
IG. The height of the Veſſel 12 inches, b 
LG. The rim of the Veſſel, which reſts upon the top of the Furnace, and is 
1 inch broad. . 
GM. A perpendicular rim to receive into it the rim of the Veſſels, Fig. 3. 4. 
EGHF. The interiour elleptico-conoidal cavity of the Furnace, the diſtance 
of whoſe Foci is 20 inches, and a perpendicular to the axis at the Focus 5 inches. 


Fic. 2. 


A braſs Veſſel, either to diſtill with, or to ſerve for the bath of the Furnace, 
Fig. 1. The letters the ſame as before. 


A braſs Cover, whoſe Rim PQRS fits exactly into the Rim MOGH of Fig. 2. 
R, S. Two Handles. : OD | 
RT. SV. The middle of the Cover rifing obliquely to be produced into 


TX, VT. A cylindrical Neck to receive the Alembic. 


FI 8. 4. N 

A tin Alembic, whoſe Rim a b fits exactly into the Rim xy, and head ende 
in the Roſtrum ede, the extremity of which may be inſerted into the mouth 
of the Worm in the Refrigeratory. 5 

If, therefore, the Veſſel GK is perfectly cloſed with the Cover py, and that 
with the alembic, and is fitted into the Furnace, then in this Veſſel you 
may diſtill any thing with Water and a Worm, as likewiſe Balſams, Tur- 
pentines, Sc. 8 a | 

5 80 FIG. 5. 

. The Veſſel for diſtilling ix Balneo Mariæ. | 

fs ML. The Veſſel in which the Bodies are put that are to be diſtilled in Balzeo 
Marie, which is made ſo as to go into the Veſſel GK, Fig. 1. its Rim 
KL being fitted exactly to the receiving Margin MO. In the ſurface of the 
Rim KL there is a Hole, by which you may pour Water into the Veſſel GK. 

If therefore the Veſſel f I is fitted to the Rim MO, then the Water bolling 
in GK, will diſtill ia Balneo through the Veſſel f I, the Alembic abc, Fig. 4. 


being fixed into the Rim HI. | 
FIG. 6. 


A tin Alembic deſcribed Pl. XI. whoſe Margin op being exactly fitted into 
the Rim HI, Fig. 5. ſerves for the diſtillation of Alcohol, the common 


Spirit of Wine being in the Veſſel f I. 
4 R PLATE xvl. 


Explanation of the PLATE s. 9 


PLATE XV: 


| Fourth Furnace, which is the melting Furnace. 
a bed. A hollow ſtone Baſe arched at cd, and 3 feet high. 


cdef. The Aſh-hole, plain at bottom, and 5 inches * 
e fih. The Grate. 


ab, cd, ef, hi. 12 inches each. | 
bl, il. The F ire-place 6 inches high to kl, 


k mol. A paraboloid Cone, whoſe Axis is 8 inches, and inferiour ordinate 
| inches. | 


mnpo. A cylindrical Chimney 3 inches wide, and 2 feet high. 
au, y4, bx, 23. The thickneſs of the Stone-work of the 7 urnace 5 inches. 


PLATE XVI. 


Fifth Furnace. 


Fis. f. 
AB. The breath of the Furnace 20 inches. 
AH, IB. Each 8 inches long. 
HI. The breadth of the Aſh-hole 4 inches. 
HK. IL. The height of it 11 inches. 


KM. LN. The diſtance of the Door of the Fire. 1055 from the Afh-hole 3 
inches. 


MN. OP. The breadth of the Door 7 inches. 

MO. NP, The height 9 inches. 

BG. DF. The length of the Furnace 38 inches. 

RS. The Aperture in the middle of the fide to place the — wake In, 
R. The length of the Limb of this Aperture 20 inches. 

US. The height of the middle of it 12 inches. 


ST. The * of the upper Wall of the Furnace 6 inches. 


FIG. 2. 


AB. A little braſs Furnace for our firſt proceſs, in which there is fitted a 
braſs Plate, juſt at the top of the door of the Fire- place B. 
DEF. A tin Alembic fitted to che upper Rim of this Furnace. 
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INDEX 


TO THE 


IFIRST VOLUM E. 


N. B. The Numbers denote the Pages. 


A 


Ads ſeerm to differ chiefly in the quanti- 
LA ty of Water they contain 433. Ex- 


periments upon them with Alcali's 452. 
Conſidered as Menſtruums 462. Na- 


tive ibid. Vinous 434. Acetoſe 464. 


F erment ing ibid. By burning Vegeta- 


bles 465. By diſtillation ibid. Foſſil 


native very rare 466. Fixed frequent 
ibid. In Sulphur, Alum, Vitriol of 
Iron ibid. In Calcanthum 467. Which 


are all the ſame ibid. Specific Gravity 


ibid. Foſſil of Nitre 468. 


Of Sea- 


ſalt ibid. Aque Regie 469. Corolla- 


ries concerning them ibid. Agreement 
470. . Difference 471. 


Agitation perpetual in the univerſe from 


Air 


Heat and Cold 92. 


ſeparated from Water by an Alcali 303. 
expands itſelf in proportion to Heat 


316. Hotter in vallies than in higher 
places 141. Different with regard to 
the Soil 290. A ſecond univerſal in- 
ſtrument of nature 247. Colder than 


the human Body 116. Fitteſt to diſ- 
cover the quantity of Fire 97. Pure 


more elaſtic than when filled with wa- 


tery Vapours 272. Attracted into the 


empty Interſtices of Liquids 299. 


Contains a good deal of Gold 249. 
divided into different Strata, each of 
which contain different kinds of ex- 
halations. 287. Hot and moiſt for a 
great while produces a plague 281. 
Generated from Oil of Tartar and Oil 


of Vitriol 310. From Spirit of Nitre 


and Iron 312. From Spirit of Nitre 
and Oil of Caraways 313. Adheres 
to Solids 294. To Fluids ibid. To 
itſelf 295, Elaſtic ſeparated from Bo- 
dies by Fire 3 14. The univerſal Chaos 
of all Bodies 268. Produced from 
Vinegar and Crabs-Eyes 308. Con- 


denſed by Cold 267. Mixes Bodies 


together 315. The effects of its 


gravity ibid. A hidden vertue 292. 


Very corroſive in America 298. Don't 
act in Water as Air 307, Expreſſed 
out of Water by Froſt, and collected 
makes Ice light, and rare 360. Not 
very penetrating itſelf 307. What it 
does in Foſſils 248. Does not enter 
into Water already ſaturated 300. 
Never at reſt 101. Never hardned 


„ by 


Mercury will raiſe a ſalivation 288. 
When it contains leaſt Water may 
appear moſt humid 272. Naturally 
contained in our Fluids, but fo diſ- 
ſolved as not to act like Air 308. 
Contains Water on the higheſt Moun- 
rains 277. Moſt'of all Bodies con- 
tracted by Cold 266. Always in a 
pretty rapid Motion 237. Mixes it- 
felf with almoſt all Fluids and other 
Bodies 247. Separated from Water 


by boiling 301. Agitated with a vaſt 


force excites heat 112. Compreſſes 
Bodies ſo much more as they are 
nearer to the center of the Earth 254. 
The occaſion that ſcarcely any body 
is ever at reſt 316. Whence it often 
becomes poiſonous 287. Always ca- 
pable of rarefaction 262. Mixes with 
more difficulty with Liquors than any 
other known Fluid 295, Warm, its 
furprizing effects 163. How cool it 
mult be for a Perſon to live in 116. 


Gives Fire often a ſurprizing power 


236. Its effect, as fluid and heavy 


ED together 255. Its Elaſticity augment- 


ed by Heat 265. Its Properties, as 
elaſtic 294. Law of its Elaſticity 260. 
Its Gravity 252. A ſmall portion 
equal to the whole 264. Fineneſs of 
Its parts 250. Lubricity of them 251. 

Attraction of them ibid. Contains 
native Spirits of Vegetables 282. 
Their fermented Spirits 283. Their 
Spitits produced by Fire ibid. 
Their Oils ibid. Their Salts 284. 
Their Earth ibid. Intire parts of Ve- 
getables ibid. Spirits of Animals 285. 
Their Excrements ibid. Nearly 
their parts ibid. Their Eggs ibid. 
Foſſils 286. Salts ibid. Sulphurs ibid. 


Metals ibid. Weight of its elaſtic 


part 292. 
Froſt 322, 
quor 303. 


Separated from Water by 
Out of a hot animal Li- 
Its quantiry in Water 


greater than the Water itſelf 306. 
Alcaheſt 489. 


all 


r 
by Cold 249. Impregnated with Alchemy 9. Authors 10, 17. Firſt Pro- 


feſſor Paracelſus 13. Aſſiſted by Che- 
miſtry 72. 


Alcohol extinguiſhes Flame 286. Feeds 


only from Vegetables 201. 


Flame 187. Produces the pureſt 
Flame 188. Burnt, yields a watery 
Vapour 189. Its Vapour when boil- 
ing takes fire 192, Burnt, with Wa- 
ter 195. With Camphire ibid. With 
Oil 196. With the Offa Helmontiana 
197. With Earth 198. With all 
the four preceding ibid. The one 
pure inflammable Body 199. When 
alone feeds flame ibid. When burnt, 
produces no Smoke 200. No Aſhes 
ibid. No dilagreeable Smell ibid. 
Tenacious of Water ibid. Produced 
Com- 


pounded ibid. Reſembles Fire ibid. 


What effect would it have upon Fire, 
was it abſolutely without Water? 202. 
Produces a weak Flame 204. Does 
it cauſe an efferveſcence with Fire, and 
ſo excite Flame? 201. Is it a magnet 
to Fire? ibid. Boils in 175 degrees of 
heat 429. Conſidered as a Menſtruum 
436. May be united with a fixed 


Alcali 437. What Bodies it diſſolves 


ibid. Don't evaporate from red- hot 
Iron 153. 75 | 


Alembic Pl. XV. 


Alum 29. 


Am 
Am 
Ani 


Acid Salt 66. 
algama like the fineſt Silver 403. 


ber 31. 


mals examined 40. What degree of 
Heat in thoſe that have Lungs 242. 
Perform their vital actions within the 
33d and 94th degree of Heat ibid. 
Analogy betwixt them and Plants 41, 
375. Don't putrify in Yacuo 316. 


Receive their firmneſs from Earth 383. 
That eat no Sea-falt, have no fixed 
Salt in their Urine, or acid in their 
Blood 43. Inſtances of ſome ſuffocat- 
ed by Heat 163. 
Air 285. What 
lum to Fire 208, 


What parts in the 
parts yield a Pabu- 


Autimony 


Antimony 35. Butter not diſſoluble in 
Water 338. Increaſes in weight by 
Fire 237. 565 

Areometers, how fallacious 102. 

Arſenic, different ſorts 3o. : 

Aſhes of Vegetables examined 178. Some 

not ſalt 171. Pot 443. 

Aſia, Chemiſtry firſt cultivated there 3. 

Atmoſphere, its effect upon Fire 203. The 
\ nearer the Earth the hotter 104. 
Whence varies ſo much 279. How 
affects ebullition 104. Difference be- 
twixt its greateſt and leaſt gravity 
253. Effects of its preſſure 254, Al- 
ways to be regarded in deſcribing a 

Chemical Operation 317. 

-B 


Baroſcopical Tube ſhook with Mercury 
Produces Light 111. 
Bell ftruck runs into Ellipſes 117. 

Bile coagulated by Alcohol 201. Very 
greedy of Water 422. 

Bitumen 31. As a Pabulum of Fire 210. 

Biſmuth 34. 

Bodies all naturally equally hot 166. Black 
grow hotteſt with the ſame Fire 131. 

White reflect Fire powerfully ibid. 

Boles 35, 385. 

Bones grow ſoft in Acids not in Alcali's 
425. An extraordinary experiment 
upon calcin'd ones 344. 

_ Braſs ruſts with Rain-water 340. Melted, 

its effects upon cold Water 173. 

Brewing 72. [7 

Bubbles, how formed in Liquids 305, 

5 Fulminating 302. 

C 


Careaſſes of dead Animals diſperſe almoſt 


all their Elements into the Air 285. 

Camphire a moſt perfe& ſimple Reſin 198. 
How burns ibid. Diſſoſuble in Alco- 

Hol and Oils 186, 
Chemiſtry, the name very ancient 4. Me- 
dicinal, its origin 9. Defined 19. 
Objects of it ibid. Actions of it 44. 
Don't reſolve Bodies into their proper 
conſtituent parts 46. Its ſervice in 


INDEX 


Natural Philoſophy 50. Its uſe in 
Phyſick 52. In the mechanical Arts 
56. Its Inſtruments 96. 
Chriftian Greeks, the chief alchemiſtical 
authors 7. 
Chryſtallization, 


what 333. On what de- 
pends ibid. Lo | 


| Chalybeate Waters alcaleſcent 35 m. 


Chyle naturally contains Air 308. 
Charcoal ſends forth an inviſible Fume fa- 
tal to all Animals 177. Can't be re- 
duced to Aſhes in a cloſe Veſſel 171. 
examined 178, Combuſtibility de- 
pends on its Oil 177. 


Cinnabar native 25. 


Clyſſus, what 49, 


Clouds 274. | $643 1 

Cookery aſſiſted by Chemiſtry 70. 

Cold abſolute not known 91. Greateſt 
natural obſerved 97. Artificial 101. 
Fluids, and hot mixed, the Effect 160. 

| Greateſt on the tops of Mountains 104. 

Colours capital, how may be examined with 

regard to their power of exciting Heat 
41137. 

. its character 24. 

Corals calcined increaſe in weight 237. 
yield a tinfture to Wax 487. 


Cotyledons of Plants abound with balſam 


38. | 
Cupels, of what nee 377: 


Dew 273. Analyſis, why ſo different ibid. 

Diamonds condenſed by Cold 90. 

Dogs, how they ſo nicely diſtinguiſh Ant- 
mals 285. | 


Duumvirate of Motion in Fire and Air 293. 


Dying, art of it aſſiſted by Chemiſtry 56. 


Earth defined 364. Perfect by diſtillation 
365. From the Alhes of Vegetables 
366. From Smoke and Soot 367. 
In fixed alcaline Salts 369. In putri- 


fied Animals 373. And their diſtilled 
humours ibid. Separated from Vege- 
tables by Putrefaction 376. Not by 
Fermentation ãbid. From 2 by 

om- 
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Combuſtion 377. From Salts by So- 
lution ibid. Diſtillation 378. In ſul- 
Phureous Liquids 379. Is there any in 
Metals? 380. Scarcely in Mercury 
ibid. Or other Metals 38 1. Yields 
a firm Baſis to Bodies, and unites their 
other principles 383. Hinders Salts 
from melting 384. Fixed in the 
ſtrongeſt Fire 365. Fixes Bodies na- 
turally too volatile 383. Exceeded 
by no Body in Simplicity 365. Being 
mixed with Salts and Oils, is eaſily 
rendered volatile 368. Serves to pu- 


rify vegetable and animal Salts 384. 


the pureſt combined with another 
rinciple, diſſoluble in Water 370. 
hat produced from Metals han't the 
true Marks of Earth 380. What 
called Virgin Earth 365. Addition 


of it very neceſſary in many chemi- 


cal Operations 384, What ſort fit for 
Teſts 367. Uſe in production of 
Phoſphorus 385. 


| Ebullition gives Liquors their greateſt 
heat 103. In different Liquors ſur- 


prizing 105. 
2 cultivated Metallurgic- Chemi- 
ry 6. | 
Egg, Yolk and White wonderful Solvents 
485. | | 


5 Elixir, what 30. 


Enamelling 56. 


Experiments, why often ſucceed in one place 
but not in another 290. 
Extract, what 49. 


Fabrenbeit, a ſurprizing experiment of his 
in the production of Cold 98. 


Fermentation won't produce Wine without 


the admiſſion of Air 283. Don't ſe- 
parate the Earth of Vegetables 376. 
promotes the acidity of their Salts 
ibid. Changes one ſort of their Oils 

into a volatile Alcali ibid. 

Fire-place and Chimney without Smoke 
. 

Fire rarifies all Bodies 84. Does it melt 


perfectly unites Metals 89. Don't 


them into their Elements? 88. Alone 


abſolutely expel Air from any place 
95. The greateſt natural in the Air 
96, Firſt manner of producing it 
107. Where leaſt 110. Pure ſcarce- 
ly diſcernable 111. Pure of the Al- 
chemiſts 112. And Hebrews ibid. 
Excited by the attrition of Metal 
againſt the ſofteſt Fluid ibid. Always 
preſent in every place 113. In every 

ody ibid. Irs quantity, as the ſpa- 
ces it is diffuſed through ibid. Al- 


ways in motion 114. Don't pene- 


trate the ſubſtance of Bodies 115. 
Where greateſt 119. Why quits a 
rare Body ſooner than a denſe one 
120. Excited by the vibration of 
elaſtic Bodies 121. Not really gene- 
rated by this means 122. Its proper 
tendency 123. Computation of its 
force and quantity 124. Determined 
by the Sun into a Paralleliſm 125. 
Scarcely reflected by black Bodies 131. 
Powerfully by white and yellow ibid. 
Not increaſed by any of the heavenly 
Bodies, but the Sun 137, Effect don't 
depend intirely upon its quantity 142. 
Caroptrical 134. Dioptrical 146. 
Effect of the greateſt 147. Perhaps 
not emitted by the Sun 150. The 


greateſt phyſically produced 151. 


United with Bodies, without any ad- 


dition of Weight 154. Cauſes of its 


continuance in Bodies 156. Why ex- 


| tinguiſhed by Water 137. Diſtribut- 


ed through Bodies, in proportion to 
their bulk 160. An examination of 
its Pabulum in the vegetable kingdom 
168. Produced by the putrefaction 
of Vegetables 182. How ſupported * 


buy its Pabulum 185. Extinguiſhed by 
Alcohol 186. Fed by it 187. Some- 


what reſembles Alcohol 201. How 
affected by incombuſtible matter 204. 


WWhence increaſed 205, Common ex- 


plained ibid. Not generated from 
its Pabulum 207. Its Pabulum in the 


animal Kingdom 208. In the vegeta- 


ble one ibid. Ariſing from the mix- 
| ture 
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ture of vegetable Subſtances 214. 
From the mixture of animal and 
vegetable Subſtances 220, From the 
mixture of foſſil Subſtances 221. From 
a cold Body, by the acceſs of the Air 
222, From cold Foſſils by the help 
of Water 227. From cold Liquors 
226. Corporeal ibid. As extended 
ibid. As it is moveable 227. As it 
reſiſts Body ibid. Its Corpuſcles the 
leaft we know of 228. Vaſtly ſolid 
230. Smooth 231. Simple 96. Al- 
ways in motion 233. Do not gene- 
rate Fire 234. Or are generated ibid. 


Not a univerſal Solvent 237. Don't 


divide Bodies into their conſtituent 
parts ibid. Nor diſſolves all ibid. 


Nor divides Bodies into their ſimple 


Elements 238. Compounds Bodies 
239. Acts differently with regard to 
Air id. Chemical, its various de- 
grees 241. Its action in the upper 
regions, perhaps ſcarcely any thing 
119. Its ultimate known action vi- 
trification 243. When alone, can fol- 
low the ſwifteſt motions of the ſolid- 
eſt Bodies, and ſo be collected 122. 
The law of the decreaſe of its power 
different, from that of corporeal qua- 
lities 244. Perhaps not heavy 119. 
Perhaps don't appear as Fire, without 
the concurrence of ſome ſolid Body 
111. The ſame quantity in Gold as 
in Yacuo 79, Relaxes and weakens 
Bodies 90. No magnet to it 113. 
The pureſt 235, What happens to 
it, whilſt with combuſtible matter it 
excites Flame 190. 
Flame two-fold 204. Weakeſt from the 
pureſt Pabulum 202. 
Foſſils defined 19. In the Air 286. 
Foſſil Glebes expoſed to the Air ſurpriz- 
.Ingly altered 289. Coal 37, 209. 
Focus of Vilet's Speculum, and T{chirnhau- 
pen Convex-Glaſſes united produce the 
greateſt known heat 151. 


Freezing point not eaſy to determine 98. 


Froſt congeals the watery parts of Liquids, 
and unites the ſpirituous 418. 


Furnaces 508, 4 
Gas Sylveſtre of Helmont 313. 
Gems natural 32. Artificial 59. 
Glaſs, art of it aſſiſted by Chemiſtry 58. 
How made 457. Art of ſtaining it 
56. Some more expanded by the 
ſame Heat than other 87. 
Gold, its marks 34. How converted into 
a red Oil, and rendered volatile 288. 
A great deal in the Air ibid. Con- 
tains no Earth 389. Compounded of 
Mercury and Sulphur 382. Diſſolved 
by no Salt butSea-ſalt 486. By Mer- 
cury ibid. By rubbing with Water 
340. By ſimple attrition ibid. 
Granulation, what 351. 
Gums 183. | 
Gunpowder diſcovered by Friar Bacon 63. 
Fired at the bottom of the Sea 246. 
Takes Fire ſo ſoon from its blackneſs. 


130. 
H. 


Hail 278. 

Heat of boiling Water greater as it is com- 
preſſed by a heavier Atmoſphere 104. 
The intenſeſt how inſtantly produced 
109. Suppoſed to expand Liquors, 
not equably, bur per /alius 168. In 
Bodies always from elementary Fire 
235. Increaſes the deeper you dig 
279. Increaſing in one place, cauſes 
a gteater Cold in others 246. Where 
greateſt in the human Body 162. Re- 
tained longer by Bodies, as they are 
denſer, larger, and nearer to a ſpheri- 
cal figure 165. Natural of the Air 
96. From the mixture of vegetable 
Subſtances 214. Of animal and ve- 
getable Subſtances 220, Of foſſil Bo- 

as 221, | 

Helmont, his Life 15. 5 

Houſes ſtrong tumble without any apparent 
cauſe 89. Green how to build 128. 


Ice, vaſt quantity produced in a cave in 


France 246. Rarer than Water, firſt 
obſerved by Galileo 359, From Wa- 
fe: ter 
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ter deprived of Air 360, That would 
not ſwim upon Water ibid. How 
Breaks Veſſels ibid. The moſt per- 
fect 361. A kind of Glaſs 356. 
et 31. 
12 Pitch ibid. 
nſects all proceed from male and female 
285. 1 
Iron, its marks 23. Whence ſo ſuitable 
to the human body 383. Contains 
| ſomewhat approaching to the nature 
of Earth 38 1. How rendered hardeſt 


159. 
L 


Lapis Lazuli 35. Hæmatitis ibid. 
Lake in Scotland, ſurprizing property 246, 


Lead, its marks 23. Carries all Metals 


through the Teſt but Gold and Silver 
367. Changes Spirit of Vinegar into 
an olly liquid 472. 
Light, variety of it 232. 
Loadſtone 25. 
Lutes chemical 507. 
M 


Magic natural 63. 
Magiſtery what 50. 
Menſtruums defined 386. Property of them 
387. Diviſion of them ibid. 397. 
Action of them 390, 393. Afliſted 
by Fire 392. Examples of the vari- 
ous ſorts 398. Cauſes of Solution con- 
. Curring in them 402. Aqueous 417. 


Oily 427. Spirituous 436. Simple 


ſaline 438. Alcalious 440. Acid 462. 
Of neutral Salts 472. Compound ſaline 
477. Univerſal, or Alcaheſt 489. 
Melenteria, what 34. 1 
Mercury, its Character 22. Rarity in 
boiling Water 106. In Winter feels 
colder than in Summer, though not 
really ſo 113. Contains no Earth 380. 
Greatly condenfes by cold 101, Not 
affected by Alcali's 460. . 
Metals, their marks 20. When corroded 


by their proper Solvents diſſoluble in 


Water 422, In the Air 287, Tranſ- 
mutation, on what principles 26. 
Metallurgy 60. 


Meteors 138, 142. 

Miſy, what 34. | 

Motion ſeems to decreaſe, the higher you 
aſcend from the ſurface of the Earth 
112. - 


| Moon's rays collected p »»duce no heat 136. 


Myrrh wonderfully diſſolved by the white 
of an E88 485, 4} 


Naphtha 31. As Pabulum of Fire 209, 
Took fire by a Candle placed with- 
in a Lanthorn 246. 
O. 


Ochre 2 9. 


Oil conſidered as a Menſtruum 427. Of 
Linſeed never freezes 428. Admits 
600 degrees of Heat before it boil 429, 
Before it boils melts Lead 432. Con- 
tains Water 433. An Acid 434. 
Often a volatile Alcali 435. A Spiri- 
us Rector ibid. Eſſential of Plants 


48. 8 
Ormus Hand vaſtly hot 128. 


25 
Pabulum of Fire 168. In Vegetables 170. 
How it feeds Fire 185. The heavieſt 
produces the ſtrongeſt Fire 203. Does 
not become Fire 207. In Animals 

208. In Foſſils ibid. 5 

Paracelſus, Hiſtory of him. 

Pendulums grow ſhorter about the Poles, 
longer near the Equator 89. Meet 
with the ſame Reſiſtance in hot and 
cold Water 324. 1 

Petroleum 31. Pabulum of Fire 209. 

Philoſopher's Stone 76. 

Phoſphorus 222. 

Poliſhed Bodies, how to preſerve them 


434. 


Orpiment 30. 


Rain 275. 
Refrigeration cauſe threefold 159. 
Rivers 276. | 
Rivulct that never froze 246, 
EA 

Salts, quantity of Water neceſſary to dil- 

ſolve them 325, Metallic * 

alts, 
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diſſoluble in Water 337. Uſed to pu- 
rify Water 350. Contain Earth 379. 
Experiments about diſſolving them 
416. Phenomena thence ariſing 420. 
Conſidered as Menfiruums Defined 
439. Alcaline fixed, their marks 


440. Why called urinous ibid. Their 


Origin 441. Well known to the An- 
cients ibid. Prepared only by Fire 
442. Periſh again ibid. Not naturally 
in Plants ibid. From Pot-A ſhes 443. 
From the Lees of Wine 447. By 
diſtillation 446. From Nitre ibid. 
From Tartar and Nitre 447. From 
Antimony ibid. Their Vertues 448. 
Conſiſt of three parts 443. Attract 
Water 448, Perhaps Air 450. Al- 


|  cohol ibid. Oils 451. Acids 452, 


Variouſly 454. Produce Glaſs 457. 


Difference of them 459. Incerated 


460. Limits of them ibid. Volatile 
462. Acid 465, Which called neu- 
tral 472. Sea, Fountain, Sal-Gem, 
27. Acid Spirit 468. As a Menſtru- 
um 473. Sal-Ammoniac 28. As a 
Menſtruum 472. Nitre 28. Acid 


Spirit 468. As a Menſtruum 475. 


Borax 28. As a Menſtruum 477. 
Alum 28. Acid Spirit 466. 


Sand common not Earth 385, With an 


Alcali makes Glaſs 457. 
Semi-metals 33. 
Silver, marks of it 24. Contains no Earth 
381, Conſiſts of Mercury fixed by a 
_ Sulphur 383. How rendered volatile 
200. - 
Smoke examined 178. 
Snow 277. 
Soot, its analyſis 180. 
Sory, what 34. 
Speculum, the moſt powerful yet made 134. 
Spiritus Rector of Vegetables 38. Of Com- 
pound Bodies 47. Of Metals 49. 
Spirits, an ambiguous term 438. Native 
of Plants 38. Animals 42. Of Plants 
in the Air 282. Fermented of Plants 
in the Air 283. Ot Nitre congealed 
by an artificial Cold 100. Native of 
Vegetables won't burn 173. Of Plants 


inflammable by putrefaction 182. By 
Fermentation 181. Acid 466. 

Springs 275. | | 

Sulphur 29, Pabulum of Fire 209. In 
the Air 287. Contains Water 342, 
When united with an Alcali, diſſolu- 
ble in Water 425. A hundred times 
ſublimed, ſtill remains Sulphur 240. 
What effect upon Iron 225. Acid 
Spirit 466. | 

Sun determines Fire in parallel lines, and 
perhaps does 58 emit Heat 130. | 

Tartar, how formed 463. Diſſolved with 

difficulty in Water 420. | 

Teeth hurt by ſtrong Acids, not by mild 

„ 

Tin, character of it 25. | 

Thermometer of Drebbelius 94, Of Fah- 

rienben, Pl. V. VI. 

Thunder and Lightning 278. 

Tichirnhauſen's famous Convex 144. Effects 
147. Pe: 

T. T1 

Vegetables examined in their natural ſtate- 
36. Burnt examined 172. Putrified: 
produce ſomewhat inflammable 182; 
What parts of them in the Air 282. 
Volatile, acrid, alcaline, ſcarce any 
Salt in their Aſhes 17. Acid yield a 
great deal ibid. Analogy betwixt 
them and Animals 41. 371. 

Veſſels Chemical 5300. 

Vilet, his famous Speculum 134. 

Vinegar, the ſtrongeſt but th part Acid 
219. Experiments upon it with other 
Liquors with regard to the production, 
of Heat ibid. May cauſe Heat with 
our Oils ibid. Power of cooling don't 
depend upon any natural Cold in it 
212. Produced from Wine in three 
days that was faſtened in a Bottle to- 
the Sail of a Windmill 469. Grew: 

inſipid, and acquired an aromatic 
Smell by being kept in a glaſs herme- 
tically ſealed 470. Its Spirit by cor- 
roding Lead becomes oily 472. Its. 
Spirit, how procured molt perfect. 


So 
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So excellent a Menſtruum, that all of all 348. Spring 351. River 353. 

other Menſtruums have hence been Pond 344. Vehicle of Aliments in 

| called Vinegars. TR Animals 376. Hot, its Vapours 
Vitriols 33. Acid Salt 466.  _ _ __ ative 360. Heavier than Ice 359. 
Vitrification the ultimate effect of Fire 145. Contains ſomething ſubtler than Air 
VFulcano's one poſſible cauſe of them 433. 361. Wonderfully concealed where 
Urine freſh mixed with various Liquors in there is moſt of it ibid. A wave 

order to diſcover the Heat produced 362. Can it be converted into Earth? 
200. Putrified likewiſe ibid. Not na- 362. Methods of examining its 
turally alcalious 42. Grows ſo by pu? purity 347. How much heavier 
trefaction ibid. Surprizing property than Air 321. Makes the greateſt 
in Yacuo 302. Grown thick with cold, pt of the animal Fluids 42. Why 
becomesclear again with heat 419. eeps Tin from melting 158. When it 


boils, diſſolves as much Salt as ever it 


: War, Art of it 62, will 416. Mixed with Alcohol, grows 

1 Water defined 319. Always contains Fire hot 215. With Spirit of Wine grows 

l ibid. Rendered impure by the Air and hot 214. Not changed by time 361. 

1 its contents ibid. Proper weight difficult In great quantity in the Air relaxes 

ö Er to find 320, Well 321. Fluidity 322. Bodies very ſuddenly and powerfully 

| Depending ſolely on Fire 323. When 282. The higher it is, the ſooner it 

| once fluid, its fluidity not to be in- freezes 277. Salt, how much exhales 

| creaſed 324. Its Elements ſmall ibid. in 24 hours 323. Thames, and other 

f * Leſs perhaps than thoſe of Air 325. ſtink and grow ſweet again 353. With 

. | Very penetrating ibid. By Cold alone Thunder different from other 347. 

| become leſs 327. Always in Motion Rain in different ſeaſons of the Tear 

| - 328. Immutable ibid. Its Elements different ibid. May increaſe the 

| not flexible 329. Not compreſſible ſtrength of Fire 173. Exhaling from 

: ibid. Exceeding ſimple 330. Mild the Mediterranean 269. Its natural 
ibid. Anodyn ibid. Diſſolving power ſtate Ice 356. Petrifying 852. Con- 
ibid. Upon ſimple Salts 332. Upon ſſidered as a Menſtruum 425. Experi- 

compound Salts 334. Upon vegeta- ments upon its diſſolving of Salts 416. 

ble and animal ones ibid. Quantity ne  Phenomenain its ſolution of them 417. 

: TO ceſſary to dilute Salts 335. Don't W hat Bodies it diſſolves 1n all degrees 

diſſolve all metallic Salts 337. Diſ- of Heat 420. Diſſolves earthy Bodies 

ſolves Alcohol 338. With Salt don't corroded by Acids 424. Not by Al- 

ibid. Attracts Alcohol, and depoſites cali's ibid. Boils in 213 degrees of 

. Salt ibid. Diſſolves the Alcohol out Heat 429. 

; of Oil, Reſins and Camphire 339. Wax not diſſoluble in Aqua Fortis 486, Ex- 

| : Diſſol ves Soaps ibid. Air 340. Other tracts a tincture from Coral 487. Sur- 

Bodies firſt prepared ibid Increaſes prizingly altered by diſtillation, with- 

* the weight and bulk of Bodies 341. out any ſeparation of its parts fo, | 


| Becomes concreted with ſaline Bodies Wine, method of making it 71. | 
4 342. With Sulphurs ibid. With Earthy Wind don't cool a Thermometer 116. 


i ee Bodies 343. With the ſolid parts of How much the ſwifteſt moves in a ſe- 
= Animals 343. With Oils ibid. With cond 112. Great ſervice of it 323. 

; Alcohol ibid. Does not produce every World, Propheſy of its being turned to 
= thing 345. Repulſive force, withre- Glaſs 243. . Cauſes of its ſpheroidal 
gard to ſome Liquids 346. And Solids figure 91, 102. 


ibid. Rain various 347. Snow pureſt 


